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ABSTRACT 
 
Objectives: (1) to investigate trends in non-traumatic dental visits (NTDV) to hospital-
based emergency departments (ED) in Rhode Island (RI) and to compare them with those 
for other ambulatory sensitive care conditions (ACSC); (2) to examine the effect of 
expansion of Medicaid coverage on the rate NTDV to ED; (3) and to examine 
community-level factors associated with NTDVs. 
 
Methods: Data for ED visits in 2005–2014 were obtained from RI hospital discharge data 
and annual population estimates from the U.S.Census Bureau, and were used to calculate 
annual visit rates. Medicaid enrollment report for the calendar years 2013 and 2014 were 
used to calculate monthly enrollment and an interrupted time series analysis was used to 
examine the effect of expansion of Medicaid coverage on visit rates. Zip code was used 
as a unit of analysis for community-level factor analysis, 2010 data. A negative binomial 
regression model with log link was performed. 
 
		 vi 
Results: From January 2005 to December 2014, the annual average number of ED NTDV 
was 7440, accounting for 1.4–2.1% of all ED visits each year, there was a slight but not 
statistically significant decrease in the NTDV rate between 2005 and 2014. Visits for 
asthma also declined slightly, but the decrease was statistically significant. There were 
statistically significant increases in ED visit rates for diabetes and back pain. The NTDV 
rate increased by 34.8/100,000 enrollees per month immediately and significantly after 
expansion, amounting to more than 1000 additional ED visits. ED visits for asthma and 
back pain declined immediately after the expansion of coverage, but not significantly so. 
Community-level factors associated with NTDVs were higher level of poverty and 
communities with younger population (more individuals aged 20–34 years) which had 
significantly higher ED NTDV rates.  
 
Conclusion: RI NTDVs slightly declined, but still accounts for around 1.6% of ED visits. 
Medicaid expansion under the ACA, caused an immediate increase in NTDVs to ED, that 
might be attributed to the increased number of Medicaid enrollees, with no change in the 
workforce. Among community-level factors, high poverty level and high percent of 
young population had the highest impact on visit rates.  
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CHAPTER ONE 
Introduction 
  
Toothache is the most common non-emergency dental complaint, accounting for 10.05% 
of all primary care-treatable diagnoses in hospital-based emergency departments (ED) 
(Raven et al. 2013). Nationally, non-traumatic dental visits (NTDV) represent 1–4.3% of 
all visits to the ED depending on the state (Allareddy et al. 2014; McCormick et al. 
2013), and there has been a 59% increase in visits between 2001 and 2008 (Lee et al. 
2012). During the same period, there was no change in the rate of ED visits for asthma, 
which is another condition that could progress in severity if left untreated (Lee et al. 
2012). Growing concern has led researchers in many states to explore the complex 
multifactorial basis for this pattern, and findings from their studies have consistently 
concluded that non-White uninsured or Medicaid-enrolled adults aged 18–44 years are 
the largest cohort of patients seeking treatment in the ED for non-traumatic dental 
conditions (Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008). The fact that 
there has not been such a large increase in visit rates for children and the elderly points to 
the greater issue of access to and utilization of dental care in this vulnerable population 
(Lee et al. 2012), especially Medicaid-enrolled adults, who have very limited dental 
benefits, if any. For example, eliminating Medicaid dental coverage for adults in 
California has led to a significant increase in dental ED visits and associated costs 
(Singhal et al. 2015). Further, changes in dental visit rates, when compared with the 
relatively stable asthma visit rates, support the hypothesis that access to dental care is 
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affected to a greater degree than access to medical care (Lee et al. 2012). Further research 
is needed to explore additional factors in order to better understand the underlying 
reasons for these findings. 
  Other factors include the patient’s area of residence and the location of the hospital 
visited. Compared with residents of metropolitan areas, residents of non-metropolitan 
areas with unstable or no insurance coverage might be at particular risk for reduced 
access to and use of some health services (Fields et al. 2015). Moreover, there is evidence 
showing that community water fluoridation (CWF) in the area of residence is effective in 
prevention of caries (Kumar, Adekugbe, Melnik 2010). However, whether CWF reduces 
use of the ED for preventable dental conditions has not been investigated. Further, new 
dental policies, such as those related to the Affordable Care Act, the new health care 
reform law in the US, might help reduce the number of ED NTDV by increasing access 
for the most vulnerable population.  
 Several states have studied the increase in ED NTDV using hospital discharge data, with 
some of the aforementioned factors taken into consideration. However, they have not 
been fully investigated as yet in Rhode Island. A single study in Rhode Island found that 
the top 20 primary diagnoses made in ED for Medicaid-enrolled and uninsured adults 
included two dental diagnoses. These patients accounted for 70% of all dental-related 
visits to ED. Further, regardless of payer type (Medicaid, self-pay, or private insurance), 
younger adults aged 21–34 years were the most frequent users of ED for oral/dental 
problems (Oh and Leonard 2012).  
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 The aim of this study is to understand further the status of ED NTFV in Rhode Island in 
order to identify a more efficient and cost-effective alternative to the ED for patients 
seeking treatment for preventable dental emergencies. Three studies are included in this 
dissertation. They comprise the following: 
1. A trend analysis of hospital-based ED NTDV in Rhode Island from January 2005 
to December 2014. 
2. An examination of the effect of the Affordable Care Act (ACA) on the rate of ED 
NTDV from January 2013 to December 2014. 
3. An analysis of community-level factors associated with ED NTDV in Rhode 
Island from January to December 2010. 
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Objectives 
The objectives of this study were to examine the following: 
1. Trends in hospital-based ED NTDV in Rhode Island 	from January 2005 to 
December 2014. 
2. The effect of the ACA on the rate of ED NTDV 	from January 2013 to December 
2014. 
3. The relationship between community-level factors and ED NTDV in Rhode 
Island using data from  January to December, 2010. 
 
Hypotheses 
1. Objective 1: The rate of ED NTDV would increase over the 10-year period of the 
study and at a higher rate than other ambulatory care sensitive conditions 
2. Objective 2: Implementation of the ACA would cause decreases in NTDV and 
ambulatory care sensitive conditions presenting to the ED when compared with 
trauma visits.  
3. Objective 3: 
 (a) Metropolitan communities would have a higher rate of ED NTDV than non-
metropolitan communities; (b) communities with CWF would have a lower rate 
of ED NTDV than communities without fluoridated water; (c) communities with 
a greater proportion of minority groups would have higher rates of ED NTDV 
than those with a lower proportion of minorities; (d) communities with a low 
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median household income would have a higher rate of ED NTDV  than 
communities with a higher median household income; and (e) communities that 
are designated as dental care professional shortage areas would have a higher rate 
of ED NTDV than other communities. 
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CHAPTER TWO 
Unmet Dental Needs 	
      Nationwide, untreated tooth decay affects 40-47% of adults ages 20-64 living below 
the federal poverty level (FPL) based on the NHANES 2011-2012 data, as compared to 
22-28 % of adults with incomes above 200 percent of the FPL (National Center for 
Health Statistics (US) 2015). 
   A report by the National Health Policy Forum (Shirk 2010) highlights the poor status of 
dental access for low income populations. For instance, twenty-two states in the US 
provided either no dental coverage or only emergency dental services for Medicaid-
enrolled adults in 2010. Many low-income adults rely on safety net clinics for their dental 
care, with 3.1 million people receiving dental services through a community health center 
in 2008. Shrink outlined barriers that make access to dental care an enormous challenge 
for the low-income populations. These included low dentist participation with Medicaid, 
low reimbursement rates and poor patient compliance. Unlike improved access to dental 
care for low-income children, access for low income adults still remains a challenge in 
most states (Shirk 2010). Several studies (Decker and Lipton 2015; Malecki et al. 2015) 
suggested that costs were a primary predictor of access to care and poor oral health status, 
42% of adults with a dental or oral issue did not visit the dentist because they could not 
afford the out-of-pocket payments (Bloom et al. 2012). The costs of obtaining care can be 
substantial for those without dental insurance.  
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    A qualitative study (Wallace et al. 2011) explored the access to dental care for low-
income communities from the perspectives of low-income people, dentists and related 
health and social service-providers, and found that dentists and low-income patients alike 
explained how the current model of private dental practice and fee-for-service payments 
do not work well because of patients’ concerns about the cost of dentistry, dentists’ 
reluctance to treat this population, and the cultural incompatibility of most private 
practices to the needs of low-income communities.  
  Another indicator of unmet dental need is the ED visits for preventable dental 
conditions. A national study (Raven et al. 2013) examined complaints and discharge 
diagnosis in an attempt to identify non-emergency ED visits, found that the most 
common reason for ED visit for all primary care treatable conditions was toothache, 
which comprised of about 10% of all such nonemergency visits. 
 
Dental Use of Hospital-based Emergency Department (ED) 	
Definition of Non-traumatic Dental Conditions (NTDC) 
Non-traumatic dental conditions are conditions that are related to dental/oral tissues due 
to causes other than trauma, mainly dental caries. These conditions can be identified by 
any claim with the following ICD-9-CM codes: 521.0–521.9 (diseases of dental hard 
tissues of teeth); 522.0–522.9 (diseases of pulp and periapical tissues); 523.0–523.9 
(gingival and periodontal diseases); 525.3 (retained dental root); 525.9 (unspecified 
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disorder of the teeth and supporting structures); and 873.63 (internal structures of mouth, 
without broken tooth)(MEDICODE 1996). 
 
Prevalence and Trend of NTDV in the United States 
Several studies analyzed data from the National Hospital Ambulatory Medical Care 
survey (NHAMCS) to examine trends and patient characteristics for non-traumatic dental 
condition (NTDC) visits to hospital-based emergency departments (EDs). A study 
(Okunseri et al. 2012) analyzing data from 1997 to 2007 found that, nationally, NTDC 
visits accounted for 1.4% of all ED visits with a 4% annual rate of increase (from 1.0% in 
1997 to 1.7% in 2007). Another study (Lee et al. 2012) analyzing data from 2001 through 
2008, found that utilization of EDs for dental care increased over 41% during the study 
period. This increase was disproportionate to the increase in ED visits for all other 
conditions. When population-based ED visits rates were considered, the ED dental visit 
rates increased from 3.7 to 5.9 visits per 1000 people (P < .01) ED visit rates for dental 
issues increased by about 59% over the study period.  A recent study (Fingar et al. 2015) 
examined county-level rates of ED visits in twenty-nine states in 2010, of those visits, 
2.1% (881,954) were non-traumatic dental visits.  
   Numerous studies and reports from different states examined NTDC visits to EDs, its 
trends, associated factors and costs, in addition to patients’ characteristics. A Pew report 
published in 2012 (Pew 2012) namely A Costly Dental Destination Hospital Care Means 
States Pay Dearly described findings from several states, showing high numbers of ED 
visits due to NTDC, and an increasing trend in the past years. Nationally non-traumatic 
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dental visits represents 1-4.3% of the entire visits to the ED (Allareddy et al. 2014; 
McCormick et al. 2013), with a 59% increase from 2001 to 2008 (Lee et al. 2012). In 
Rhode Island, annually, there are estimated 1092 ED visits by children, and 6702 ED 
visits by adults in RI hospitals due to non-traumatic dental conditions (Oh and Leonard 
2012), however, the full scope of the issue is not fully understood. 
 
Characteristics of Patients Seeking ED for NTDC 
The characteristics of patients visiting ED for NTDC are very similar throughout the 
studies nationwide. A study (Allareddy et al. 2014) investigating national trends using the 
Nationwide Emergency Department Sample of the Healthcare Cost and Utilization 
Project for the years 2008 through 2010 found uninsured patients accounted for about 
40.5%, and Medicaid and Medicare accounted for 38% of all NTDC to ED. Close to 71% 
of all dental ED visits were made by people residing in low-income geographical areas. 
Women made about 51% and about 94% of visits resulted in routine discharge from the 
ED. Non-white young adults (18-44 years old) with a mean age of 33 years old were the 
largest cohort of patients seeking ED for non-traumatic dental conditions (Allareddy et al. 
2014; Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008).  
 
Implications of NTDV 
Patients, emergency department, and states face significant avoidable consequences from 
using the ED for dental conditions (Pew 2012). For patients, the long waiting times are 
often missed working hours, and the typical treatment provided in the ED is temporary 
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pain and infection relief, not solving the underlying dental condition. This is because 
most EDs are not equipped for dental treatment, and not staffed with dentists, or dentally-
trained physicians or staff (Casamassimo et al. 2009; Davis, Deinard, Maiga 2010; Pew 
2012). For the emergency departments, a significant number of patients seeking dental 
care in hospital ED are an added burden on the overcrowded ED, which are already 
overcrowded in many areas of the country (Trzeciak and Rivers 2003) And finally, for 
states, the costs of emergency-room visits place added pressure on already squeezed 
budgets. Research shows the average cost of a Medicaid enrollee’s inpatient hospital 
treatment for dental problems is nearly 10 times more expensive than the cost of 
preventive care delivered in a dentist’s office (Pew 2012). 
 
Challenges in Understanding ED visits for NTDCs 
Several challenges face understanding the ED visits for NTDCs. The full scope of the 
problem is unknown because not all of the 50 states mandate that hospitals submit their 
discharge records, and some states do not interpret and report the ED data they have 
collected (Pew 2012). Another challenge was the accuracy of the claim codes for ED 
visits for NTDC. A study (Figueiredo et al. 2015) comparing the diagnosis of a dentist 
who reviewed the medical records and the diagnosis assigned by the physician, revealed 
that there were substantial discrepancies between the ICD-10-CA diagnosis assigned in 
administrative databases and the diagnosis assigned by a dentist reviewing the chart 
retrospectively. They found 43.3% disagreement on the discharge diagnosis reported by 
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the physician. This discrepancy may affect the accuracy of data, making it at risk of 
becoming invalid and arguably useless, as well as inappropriate for disease surveillance. 
 
Factors Associated with Non-traumatic Dental Visits (NTDV) to ED 	
Medicaid, Dental Benefits, and the Affordable Care Act 
Medicaid is the main public health insurance program for low-income adults in the 
United States. Beneficiaries typically pay no out-of-pocket cost or a small copayment for 
covered services, but coverage of adult dental care varies by state. While most states 
provide coverage of emergency dental services such as the relief of oral pain and 
infection, many do not cover preventive services such as routine exams and cleanings or 
restorative services such as fillings and root canals (Decker and Lipton 2015). 
     Several studies found that Medicaid-enrollees and the uninsured encompassed the 
majority of patients visiting ED for NTDC. A recent study (Decker and Lipton 2015) 
examined the effect of Medicaid adult dental coverage on use of dental care and dental 
health outcomes using state-level variation in dental coverage during 2000-2012. Their 
findings indicate that Medicaid coverage of dental services for adults increases the 
likelihood of having a dental visit in the past six months or year. Studies of dental 
coverage in Massachusetts and California find evidence of a positive effect of coverage 
on the likelihood of a dental visit among adult Medicaid beneficiaries (Nasseh and 
Vujicic 2013; Wides, Alam, Mertz 2014). Moreover, a national study estimated that 
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Medicaid adult dental coverage is associated with a significant 7.4% increase in the 
likelihood of having an annual dental visit (Choi 2011).  
On the contrary, Medicaid cuts lead to increased ED utilization for preventable dental-
related conditions. A study examined the safety-net hospital’s dental-related ED visits 
and costs in Boston Medical Center, for 3 years before and 2 years after Massachusetts 
Health Care Reform, which reduced Medicaid dental coverage in July 2010, They found 
a 2% increase in the first year dental-related ED visits, and 14% increase in the second 
year after Medicaid cuts. Percentage increases were highest among older adults, 
minorities, and persons receiving charity care, Medicaid, and Medicare. (Neely 2014) 
Medicaid expansion under the Affordable Care Act (ACA) has made millions of 
individuals eligible for health insurance, but dental coverage for adults with Medicaid is 
left to each state’s discretion. Dental benefits offered by state Medicaid programs 
typically fall into four categories: no coverage; emergency coverage (such as for 
extractions of diseased teeth); limited coverage, which includes diagnostic, preventive, 
and minor restorative services (such as x-rays and minor fillings); and comprehensive 
coverage, which includes major restorative services (such as root canals and dentures) in 
addition to diagnostic, preventive, and minor restorative services (Kaiser ; McGinn-
Shapiro 2008). An estimated 9.5 million individuals gained Medicaid dental insurance as 
a result of state Medicaid expansions in 2014 and 2015, making the effects of dental 
insurance on utilization and health outcomes among the Medicaid population of interest. 
The ACA required that Medicaid fees for some primary care services be increased to 
Medicare rates in 2013 and 2014, and some states have chosen to maintain these 
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increases after 2014. However, no federal provision currently applies to dental fees 
(Decker and Lipton 2015). A recent study (Singhal et al. 2015) examined the impact of 
the elimination of California Medicaid comprehensive adult dental coverage on dental 
ED visits by Medicaid-enrolled adults in the period 2006–11 found that the policy change 
led to a significant and immediate increase in dental ED use, amounting to more than 
1,800 additional dental ED visits per year.  
     In Rhode Island, annually, there are estimated 1092 ED visits by children, and 
6702 ED visits by adults in RI hospitals due to non-traumatic dental conditions (Oh and 
Leonard 2012). The effect of policy changes, and ACA implications have not been fully 
examined. 
 
Patient, Hospital location; Metropolitan vs. non-metropolitan 
A limited number of studies examined the effect of the residence on the ED visit for 
NTDC. Using nationally representative data, one study (Walker et al. 2014) examined 
differences in dental care utilization in EDs among working age adults associated with 
rural residence found that rural patients –non-metropolitan- were significantly more 
likely than urban –metropolitan- patients to have dental visits. While another study 
(Okunseri et al. 2011) found that living in an area with a shortage of dental health care 
professionals did not affect the likelihood of being a frequent user of EDs for such care. 
Further studies are needed to understand the effect of the patient’s residence and the 
hospital location on NTDC visits to ED.  
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Community Water Fluoridation (CWF) 
A study (Kumar, Adekugbe, Melnik 2010) examining the geographic variation in 
Medicaid claims for dental procedures in New York City found that compared with the 
predominantly fluoridated counties, the mean number of restorative, endodontic, and 
extraction procedures per recipient was 33.4% higher in less fluoridated counties. The 
mean number of claims per child for caries-related services was inversely correlated with 
the extent of fluoridation in a county, but claims for non-caries related services were not. 
However, to our knowledge, no previous studies examined the ED visits for NTDC 
according the community water fluoridation status. 
 
Dentists in the Area 
Many low-income adults rely on safety net clinics for their dental care, with 3.1 million 
people receiving dental services through a community health center in 2008. A major 
barrier that makes access to dental care an enormous challenge for the low-income 
populations is low dentist participation with Medicaid (Shirk 2010). Even in states whose 
Medicaid programs offer expanded dental coverage, patients may have difficulty locating 
dentists who accept Medicaid. The rate of dentists who accept Medicaid has been 
reported to be as low as 11% in Missouri, 15% in Florida, and 20% in New York. Faced 
with pressure to cut costs, some states have lowered Medicaid reimbursement rates for 
dental services, which reduce the incentive for dentists to participate in the program. 
(Fingar et al. 2015) Whether the low numbers of dentists in the patient’s area of residence 
have an effect on ED visits for NTDC needs further investigation. 
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Ambulatory Care Sensitive Conditions 	
    Ambulatory care sensitive conditions (ACSC) are conditions for which good outpatient 
care and early intervention can prevent complications that leads to hospital-based 
services, including ED visits. According to Agency for Healthcare Research and Quality 
(AHRQ), there are 16 prevention quality indicators (PQI) for adult’s defining ACSC, 
including Dehydration, Bacterial Pneumonia, Urinary tract infection, diabetes, 
Hypertension, Congestive heart failure, Angina, COPD, and asthma (Oh 2015). NTDCs 
are a considered a part of ambulatory care sensitive conditions. A few previous studies 
have compared dental ED visits to other ACSC conditions to examine the 
epidemiological patterns similarities and differences between the two. A national study 
comparing NTDV and visits to ED due to asthma attacks, found a 59% increase in dental 
visit rates from 2001 to 2008, while for the same period, asthma ED visit rate have not 
changed (Lee et al. 2012).  Another study found the rate of growth of dental ED visits 
was much more than that of ACSCs and non-ACSCs. They also reported that Medicaid 
enrollees, those who are uninsured and young adults aged 19-33 years had greater odds of 
having a dental ED visit that an ED visit for ACSCs and non-ACSCs (Okunseri et al. 
2012). 
    A recent study (Singhal et al. 2015) examined the impact of the elimination of 
California Medicaid comprehensive adult dental coverage on dental ED visits by 
Medicaid-enrolled adults in the period 2006–11, and they used several comparison 
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conditions (ACSC) as control variables. The found that the policy change led to a 
significant and immediate increase in dental ED use, amounting to more than 1,800 
additional dental ED visits per year. However, none of the control outcome variables -ED 
visit rates for asthma, diabetes, headache, abdominal pain and back pain- had a 
significant change in intercept, which would have indicated an immediate change in ED 
visit rate following the policy change. Comparing NTDC to ACSC visits to ED in Rhode 
Island would give us a better insight of the dental issue, and the effect of policy changes 
on dental vs. medical conditions. 
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CHAPTER THREE 
Trends in non-traumatic dental visits to hospital-based emergency 
departments in Rhode Island for 2005–2014 
 
Abstract 
 
Objective: To investigate trends in non-traumatic dental visits (NTDV) to hospital-
based emergency departments (ED) in Rhode Island from January 2005 to December 
2014 and to compare them with those for other ambulatory sensitive care conditions 
(ACSC).  
Methods: Data for ED visits in 2005–2014 were obtained from Rhode Island hospital 
discharge data and annual population estimates from the U.S. Census Bureau, and 
were used to calculate annual visit rates. The main outcome variable was the primary 
diagnosis for non-traumatic dental conditions (NTDC), which was contrasted with 
other ACSC and trauma using lower long bone fracture as the comparison. Annual 
descriptive univariate (%) and bivariate analyses of NTDC according to age group, 
race, area of residence, and payment source were performed using the chi-square test. 
Linear regression models were constructed for the outcomes of ED visits to control 
for the effects of the other variables. 
Results: From January 2005 to December 2014, the annual average number of ED 
NTDV was 7440, accounting for 1.4–2.1% of all ED visits each year. ED NTDV in 
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Rhode Island were similar to the nationwide average during the same period. Adults 
aged 20 years or older accounted for the majority of ED NTDV; there was a slight but 
not statistically significant decrease in the NTDV rate between 2005 and 2014 (-0.95, 
p=0.1452). Visits for asthma also declined slightly, but the decrease was statistically 
significant (-0.56, p=0.0329). Simultaneously, there were increases in ED visit rates 
for diabetes and back pain (0.67 and 2.58, respectively), both of which were 
statistically significant (p=0.0009 and p=0.0048, respectively). Young adults aged 
20–33 years accounted for more than half of the visits to ED for NTDC. Medicaid 
and self-payment accounted for the majority (about 70–75%) of payments during the 
study period. There was a statistically significant decrease in NTDV by children 
between 2005 and 2014 (-0.65, p=0.027). 
Conclusion: This study shows that overall NTDV rates in Rhode Island had a 
fluctuating pattern and does not show the alarming trend of increasing visits reported 
in other states. However, different patterns were demonstrated in certain subgroups. 
Adults showed a slight and non-significant decrease in NTDV during the study 
period, whereas there was a statistically significant decrease in visits for asthma and a 
significant increase in visits for diabetes and back pain. In children, there was a slight 
but significant decrease in NTDV rates, but not for other ACSC.  
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Introduction 
 
Nationwide, non-traumatic dental visits (NTDV) represent 1–4.3% of all visits to the 
emergency department (ED) (Allareddy et al. 2014; McCormick et al. 2013), with a 59% 
increase in visits documented between 2001 and 2008 (Lee et al. 2012). During the same 
period, there was no change in the rate of ED visits for asthma, which is another 
condition that could progress in severity if left untreated (Lee et al. 2012). The growing 
number of ED visits has led researchers in many states to explore the complex 
multifactorial basis of this increase. Their studies have consistently concluded that non-
White uninsured or Medicaid-enrolled young adults aged 18–44 years are the largest 
cohort of patients seeking treatment in ED for non-traumatic dental conditions (NTDC) 
(Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008). The fact that the visit 
rates for children and the elderly do not show similar increases points to the greater issue 
of access to and utilization of dental care in the young adult population (Lee et al. 2012), 
especially Medicaid-enrolled adults, who have very limited dental benefits, if any. For 
example, eliminating Medicaid dental coverage for adults in California has led to a 
significant increase in dental visits to ED and associated costs (Singhal et al. 2015). 
Further, changes in dental visit rates, when compared with the relatively stable asthma 
visit rates, support the hypothesis that access to dental care has been affected to a greater 
degree than access to medical care (Lee et al. 2012). Further research exploring 
additional factors is needed to understand better the reasons for these findings. 
	24	
  Several states have studied the increase in ED NTDV using hospital discharge data and 
taken factors such as age, sex, area of residence, and source of payment into 
consideration, but not as yet in Rhode Island. One study in Rhode Island found that the 
top 20 primary diagnoses in the ED for Medicaid-enrolled and uninsured adults included 
two dental diagnoses. These patients accounted for 70% of all dental-related visits to ED. 
Further, regardless of payer type (Medicaid, self-pay, or private insurance), young adults 
aged 21–34 years were the most frequent ED users for oral/dental problems (Oh and 
Leonard 2012). 
  The aims of this study were to understand better the reasons for the increase in ED 
NTDV in Rhode Island in order to find a more efficient alternative for patients seeking 
treatment for preventable dental emergencies in the ED and to compare trends in 
utilization of the ED for NTDC with those of other ambulatory care sensitive conditions 
(ACSC) between 2005 and 2014. 
 
Methods 
 
Data sources 
Hospital discharge data from January 2005 to December 2014 were obtained for Rhode 
Island. These data are collected routinely as part of the Hospital Data Program, which 
manages data on inpatient discharges, ED visits, and observations from acute care 
hospitals, and aims to measure health status and outcomes, health care utilization, and 
access to health care in the state. Annual population estimates were obtained from the 
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U.S. Census Bureau for the same time period and used to calculate annual visit rates by 
sex and age group. 
 
Study population  
The Rhode Island hospital discharge data include records for patients of any age who 
have visited the ED of any of 13 hospitals in the state. We collected these data from 
January 2005 to December 2014 and specifically identified patients who visited the ED 
with a primary diagnosis of NTDC. A small number of these patients were hospitalized 
from the ED for treatment of a severe condition with a dental origin, so were excluded 
because their ED visits were justified.  
 
Outcome variable 
The main outcome variable was the annual rate of ED visits with a primary diagnosis of 
non-traumatic dental disease per 10,000 individuals. The outcomes of other ACSC, 
including asthma, headache, diabetes, and back pain, were used for comparison. The 
control outcome variable was the annual rate of ED visits with a primary diagnosis of 
traumatic lower long bone fracture per 10,000 individuals. Traumatic lower long bone 
fracture was used as a control because preliminary analysis showed that it had the most 
stable rate of presentation during the study period and its rate was not expected to change. 
NTDC and other outcome conditions were identified using the primary diagnoses in the 
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International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-
CM). Diseases of hard tissues of teeth (521), Gingival and periodontal diseases (522), 
Diseases of pulp and periapical tissues (523), Other diseases and conditions of the teeth 
and supporting structures (525), and Diseases of the oral soft tissues, excluding lesions 
specific for gingiva and tongue (528) were considered preventable NTDC so were 
included. In addition, Asthma (493), Headache (784), Diabetes mellitus (250), and 
unspecified Backache (7245) were included as ACSC and Lower limb long bone fracture 
was included as a control (821, 823). Covariates included in the analysis were age, sex, 
race/ethnicity, source of payment, ZIP code (to identify county of residence and 
metropolitan vs. non-metropolitan area of residence), in addition to the location of the 
hospital at which the ED encounter occurred, in order to compare the volume of patients 
between hospitals and for comparisons between hospitals in metropolitan vs. non-
metropolitan areas. 
 The study protocol was approved by the institutional review boards at the Boston 
Medical Center and the Rhode Island Department of Health. 
 
Statistical analysis 
Descriptive univariate (percentage) and bivariate analyses of NTDC by year according to 
age group, race, area of residence, and payment source were performed using the chi-
square test. Linear regression analyses of ED visit rates for NTDC, ACSC (asthma, 
headache, diabetes, and back pain), and trauma according to age group and sex were also 
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performed. All statistical analyses were conducted using SAS version 9.3 software (SAS 
Institute Inc., Cary, NC). Statistical significance was set at p<0.05. 
 
Results 
 
Overall 
There were 74,479 visits to ED for preventable NTDC between 2005 and 2014. Seventy-
eight of the patients who presented to ED with NTDC during this time were subsequently 
hospitalized for severe illness. The average annual number of ED NTDV was 7440, 
which accounted for 1.4–2.1% of all ED visits annually, with the highest percentage in 
2008 (2.05%). Annual counts and percentages for the conditions of interest are shown in 
Table 3.1. 
 
Adults 
Trends in NTDV 
Adults aged 20 years or older accounted for the majority of ED NTDV during the study 
period. Between 2005 and 2014, there were 68,088 visits to ED for preventable NTDC 
and the annual average number of ED NTDV was 6808.8. The average yearly visit count 
for NTDC by adults was more than double that for asthma (3238) and more than for any 
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of the other ACSC analyzed, except for headache, which had an average annual visit 
count of 7149.3. 
 The NTDV prevalence rate was highest in 2008 (98.22 visits per 10,000 individuals) and 
lowest in 2013 (78.16 visits per 10,000 individuals). A similar fluctuating pattern was 
noticed for asthma visit rates, for which there was a slight but statistically significant 
decline (-0.56, p=0.0329). Linear regression analysis was conducted for each of the 
conditions using population-based visit rates per 10,000 individuals. Overall, there was a 
slight decrease in NTDV rate between 2005 and 2014; however, this decrease was not 
statistically significant (-0.95, p=0.1452). During the study period, there was a slight 
increase in visits for diabetes and a considerable increase in visits for back pain (0.67 and 
2.58, respectively); both increases were statistically significant (p=0.0009 and p=0.0048, 
respectively). Trends in visits for the comparator conditions are shown in Figure 3.1. 
 For adults, linear regression analysis by gender showed a statistically significant 
decrease in ED visit rates for NTDC by women (-1.7  p=0.039). In contrast, men showed 
a very slight decrease in ED visit rates for NTDC that was not statistically significant (-
0.03, p=0.9639). The different age groups showed different trends in ED visit rates for 
NTDC. The youngest group (aged 20–24 years) showed a statistically significant mean 
decrease of 6.3 visits per 10,000 individuals per year, whereas the group aged 30–34 
years made on average 2.5 more visits per 10,000 per year; this increase was not 
statistically significant (p=0.1448). There was a slight but significant increase in ED 
visits for NTDC by adults older than 55 years (0.0447). Changes in the annual ED visit 
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rate for NTDC according to age group are shown in Table 3.3 and comparisons with 
annual changes in ED visits for other conditions are shown in Figure 3.2 and 3.3. 
 
Profile of adults with NTDV 
Young adults aged 20–33 years accounted for more than half of the visits to ED between 
2005 and 2014, with fewer visits to ED for NTDC in the older age groups. ED utilization 
for NTDC was comparatively high in the Black population, accounting for 14.9%–
17.75% of all visits, while Whites showed a decline in visit counts and percentages. 
Medicaid and self-payment accounted for the majority (about 70%–75%) of payments 
during the study period. The greatest change in payment method was between 2013 and 
2014, when self-payments declined dramatically from 39.88% to 19.12%, Medicaid 
payments increased from 34.64% to 53.23%, and private insurance payments increased 
from 11.71% to 14.04%. Descriptive results for adults are shown by year in Table 3.2. 
 
Children 
Trends in NTDV 
There were 6313 visits to ED for NTDC by children aged younger than 20 years during 
the study period, with an annual average of 631.3 visits per year. Linear regression 
analysis showed that overall there was a slight but statistically significant decrease in the 
NTDV rate for this age group between 2005 and 2014 (-0.65, p=0.027). Like adults, the 
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NTDV rate was highest in 2008 (29.73 visits per 10,000 children) and lowest in 2014 
(21.18 visits per 10,000 children). There was also a slight but not statistically significant 
decrease in visits for asthma (-0.60, p=0.3593). The control outcome variable, traumatic 
lower long bone fracture, showed a similarly slight but not statistically significant 
decline. Trends for the comparator conditions are shown in Figure 3.4. 
 Linear regression analysis of the children’s data by sex showed a statistically significant 
decrease in ED visit rates for NTDC per year by girls (-0.92; p=0.015). Visits made by 
boys also declined slightly, but not significantly so (-0.4, p=0.1684). All age groups 
showed a slight but not statistically significant decrease in ED visit rates for NTDC 
except for one, i.e., the oldest age group (15–19 years), which accounted for a mean 2.3 
fewer visits per 10,000 children per year; this decrease was statistically significant 
(p=0.0114). Changes in the annual visit rates according to age and sex subgroups are 
shown in Table 3.3. Comparisons are made with changes in annual visit rates for other 
conditions in Figure 3.5 and 3.6. 
 
Profile of children with NTDV 
During the study period, the majority of visits by children to ED for NTDC were made by 
the older age group (15–19 years) and accounted for 42–56% of all visits. There was only 
a slight variation in visits by gender, except for the years 2006 and 2007, when girls 
accounted for a higher percentage of visits than boys (56.86% and 56.47%, respectively). 
Black and Hispanic children were over-represented when compared with population 
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estimates; in contrast, White children were under-represented and showed a decrease in 
number of visits. Further, Hispanic children showed an increasing trend in visits when 
compared with other races. Medicaid was the major payment method during the study 
period, accounting for 50–65% of all payments, followed by private insurance and then 
self-payment. As in adults, a marked increase in Medicaid payments was noted in 2013 
and 2014 (from 58.2% to 65.4%). Descriptive results for children are shown by year in 
Table 3.4. 
 
Discussion 
 
The results of this study provide state-wide estimates of ED visits for preventable NTDC. 
They show that the annual average of ED NTDV accounted for 1.4–2.1% of all ED visits 
between 2005 and 2014, which is consistent with findings from other studies that report 
the national average of ED visits for NTDC to account for 1–4.3% of all ED visits 
(Allareddy et al. 2014; Fingar et al. 2015; Okunseri et al. 2008; Okunseri et al. 2012; Pew 
2012). However, our results did not show the significant rising trend in visit rates 
apparent in other states (Lee et al. 2012; Pew 2012). On the contrary, there was a slight 
decline in NTDC visit rates overall during the study period. This decline can be explained 
by the economic recession of 2008 that started in December 2007 and officially ended in 
June 2009, which might have contributed to the increase in visit rates seen in the first half 
of the study; this pattern has also been mentioned in a previous study (Decker and Lipton 
2015) and reflect the fact that Medicaid budgets are tied to economic conditions. 
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  In addition, when compared with visit rates for other ACSC, visit rates for asthma 
showed a slight but statistically significant decline, while visits for diabetes and back pain 
showed a significant increase; this pattern is similar to the findings of previous studies. 
  Consistent with other studies (Lewis et al. 2015), the majority of the visits were made 
by young adults aged 20–33 years. In adults, Medicaid enrollees and uninsured 
individuals accounted for the majority (about 70–75%) of visits throughout the study 
years. Whites were under-represented in ED visits for NTDC when compared with 
population estimates, and shown a decline in count and percentage of visits between 2005 
and 2014. In contrast, Blacks were over-represented when compared with population 
estimates and showed a slight increase in count and percentage of visits, while visits by 
Hispanics almost doubled between 2005 and 2014. Ethnic disparities in ED visits for 
NTDC have also been reported by other studies (Allareddy et al. 2014; Anderson et al. 
2011; Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008). 
 The implementation of expansion of coverage by Medicaid under the Affordable Care 
Act was apparent in the change in payment method between 2013 and 2014, when self-
payment declined by approximately half and Medicaid and private insurance payments 
increased significantly. However, there was an increase in visit rates for adults from 2013 
to 2014, which is in contrast with the findings of other studies suggesting that providing 
comprehensive coverage can be translated to more dental care utilization in dental offices 
instead of ED (Nasseh and Vujicic 2013). The majority (83–86%) of visits were 
accounted for by adults residing in metropolitan areas. However, we were not able to 
calculate the rates according to area of residence (metropolitan vs. non-metropolitan) 
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because of the lack of population estimates. The subgroup “Other” in the area of 
residence category includes patients who were residing out of the state, mostly in 
Massachusetts and Connecticut.  
 Our results are similar to those of other studies showing that children are less likely than 
adults to visit ED for NTDC (Lewis et al. 2015). Children accounted for about 10% of 
ED visits for NTDC during the study period and this finding is similar to that in other 
studies that have concluded that children have better access to healthcare and health 
insurance than adults (Luo et al. 2003). Unlike other research showing an increase in ED 
visit rates for NTDC in all age groups including children (Lee et al. 2012), the results of 
our study show an overall slight but significant decline in visits, which was not seen in 
visits to ED for asthma or trauma. This could be attributed to the state’s efforts over the 
past decade to expand access to oral health care services for children, including RIte 
Smiles, which is a nationally recognized dental benefit management program that was 
launched in 2006 and serves young children enrolled in Medicaid (Roberts and Beckwith 
2011). An evaluation of this program shows a nearly 53% increase in the rate of dental 
visits by children under 7 years of age in Medicaid between 2002 and 2008 (Payne 2010). 
 Our findings provide evidence of a decline in visit rates between 2005 and 2014, which 
was most significant in children aged 15–19 years. 
 This study provides a thorough state-wide evaluation of hospital-based ED NTDV in 
Rhode Island and a further understanding of the characteristics of the patients making 
those visits, which in turn will help to provided targeted solutions for these patients. It 
	34	
also provides evidence of the impact of access to dental care on utilization of ED services 
for dental conditions. However, the study had some limitations. We did not compare the 
different primary dental diagnoses using ICD-9 codes because of evidence in the 
literature of inaccurate use of these codes by ED physicians either because of their 
limited knowledge or the limited diagnostic tools available in the ED. Visit rates were 
calculated using population estimates, but for some subgroups, such as race/ethnicity and 
payment method, obtaining annual population estimates was not possible; hence, we were 
unable to calculate the visit rates. In addition, using hospital discharge data has its 
limitations because of inaccuracy of data and possible inconsistency in the way certain 
fields are completed by different providers. An important aspect of understanding ED 
NTDV is follow-up of patients after their visits, which could not be performed in this 
study because of the limited time and lack of the additional resources required, so is 
recommended as a subject for future research. 
 
Conclusion 
 
Our study provides evidence that ED visits for NTDC in Rhode Island are similar to the 
national average, but does not show the alarming trend of increasing visit rates seen in 
other states. For other ACSC, there was a statistically significant decrease in visits for 
asthma and a significant increase in visits for diabetes and back pain. For some age 
groups, in particular children aged 15–19 years and young adults aged 20–24 years, visit 
rates for NTDC declined significantly during the study period, which might be attributed 
	35	
to efforts in Rhode Island to provide better access to oral health care for children. In 
children, there was a slight but significant decrease in NTDV rates, but not for other 
ACSC. 
 This study also provides evidence that patient demographic characteristics in Rhode 
Island are similar to those at the national level in that the majority of visits were made by 
young adults who are Medicaid-insured or non-insured, with apparent racial disparities in 
visit rates. 
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Table 3. 1 Counts and percentages of emergency department visits in Rhode Island between 2005 and 2014 
Type of emergency 
visit  
Year  
Total 
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
 Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%)  Freq. (%) Freq. 
NTDC 
          
  
Discharged  7002 (1.75) 7590 (1.39) 7943 (1.92) 8522 (2.05) 7441 (1.75) 7479 (1.81) 7233 (1.74) 7374 (1.71) 6807 (1.64) 7010 (1.64) 74401 
Hospitalized 10 (0.01) 19 (0.02) 7 (0.01) 8 (0.01) 4 (0) 6 (0.01) 7 (0.01) 7 (0.01) 7 (0.01) 3 (0) 78 
 
ACSC 
          
  
Asthma 5516 (1.38) 5466 (1.00) 5305 (1.28) 5684 (1.37) 5534 (1.30) 5138 (1.24) 5270 (1.27) 5259 (1.22) 4756 (1.14) 5033 (1.18) 52961 
Headache 8150 (2.03) 8385 (1.53) 8484 (2.05) 8507 (2.05) 8875 (2.08) 8720 (2.11) 8566 (2.06) 8482 (1.97) 8285 (1.99) 8147 (1.91) 84601 
Diabetes 1348 (0.34)  1484 (0.27) 1411 (0.34) 1391 (0.33) 1481 (0.35) 1703 (0.41) 1504 (0.36) 1765 (0.41) 1813 (0.44) 1999 (0.47) 15899 
Back pain 1594 (0.40) 1875 (0.34) 1748 (0.42) 2045 (0.49) 2250 (0.53) 1993 (0.48) 2233 (0.54) 4017 (0.93) 3618 (0.87) 3063 (0.72) 24436 
 
Trauma 
          
  
Lower bone fracture 529 (0.13) 567 (0.10) 443 (0.11) 446 (0.11) 485 (0.11) 435 (0.11) 469 (0.11) 390 (0.09) 459 (0.11) 464 (0.11) 4687 
Abbreviations: NTDC, non-traumatic dental conditions; ACSC, ambulatory care sensitive conditions; Freq., frequency 
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Table 3. 2 Demographic characteristics of adults (aged 20 years and older) making non-traumatic dental visits to emergency departments in 
Rhode Island between 2005 and 2014 
  
Year 
p-value 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) 
Total 6314 6942 7200 7741 6773 6905 6661 6785 6279 6487   
Age, y   
        
  <.0001* 
20–26 1803 (28.56) 1969 (28.36) 1907 (26.49) 2058 (26.59) 1938 (28.61) 1963 (28.43) 1848 (27.74) 1743 (25.69) 1571 (25.02) 1644 (25.34)   
27–33 1429 (22.63) 1698 (24.46) 1789 (24.85) 1934 (24.98) 1799 (26.56) 1860 (26.94) 1728 (25.94) 1789 (26.37) 1685 (26.84) 1708 (26.33)   
34–40 1232 (19.51) 1205 (17.36) 1307 (18.15) 1347 (17.4) 1079 (15.93) 1113 (16.12) 1065 (15.99) 1106 (16.3) 1040 (16.56) 1152 (17.76)   
41–47 990 (15.68) 1083 (15.6) 1093 (15.18) 1100 (14.21) 930 (13.73) 909 (13.16) 904 (13.57) 986 (14.53) 821 (13.08) 791 (12.19)   
48–54 527 (8.35) 612 (8.82) 9.56 (416) 789 (10.19) 629 (9.29) 632 (9.15) 646 (9.7) 648 (9.55) 606 (9.65) 658 (10.14)   
≥55 333 (5.27) 375 (5.4) 5.78 (5.78) 513 (6.63) 398 (5.88) 428 (6.2) 470 (7.06) 513 (7.56) 556 (8.85) 534 (8.23)   
Sex   
        
  <.0001* 
Male 3037 (48.1) 3240 (46.67) 3369 (46.79) 3695 (47.73) 3404 (50.26) 3459 (50.09) 3311 (49.71) 3472 (51.17) 3202 (51) 3314 (51.09)   
Female 3277 (51.9) 3702 (53.33) 3831 (53.21) 4046 (52.27) 3369 (49.74) 3446 (49.91) 3350 (50.29) 3313 (48.83) 3077 (49) 3173 (48.91)   
Race/Ethnicity   
        
  <.0001* 
White 4712 (74.63) 5227 (75.3) 5302 (73.64) 5499 (71.04) 4993 (73.72) 4820 (69.8) 4627 (69.46) 4803 (70.79) 4356 (69.37) 4452 (68.63)   
Black 941 (14.9) 1036 (14.92) 1159 (16.1) 1374 (17.75) 1022 (15.09) 1145 (16.58) 1113 (16.71) 1056 (15.56) 1048 (16.69) 1004 (15.48)   
Hispanic 426 (6.75) 467 (6.73) 500 (6.94) 609 (7.87) 566 (8.36) 698 (10.11) 704 (10.57) 697 (10.27) 680 (10.83) 802 (12.36)   
Other 235 (3.72) 212 (3.05) 239 (3.32) 259 (3.35) 192 (2.83) 242 (3.5) 217 (3.26) 229 (3.38) 195 (3.11) 229 (3.53)   
Payment 
  
        
  <.0001* 
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method 
Self-payment 2062 (32.66) 2383 (34.33) 2520 (35) 2596 (33.54) 2514 (37.12) 2527 (36.6) 2599 (39.02) 2656 (39.15) 2504 (39.88) 1240 (19.12)   
Medicaid 2596 (41.11) 2581 (37.18) 2554 (35.47) 2812 (36.33) 2139 (31.58) 2435 (35.26) 2342 (35.16) 2475 (36.48) 2175 (34.64) 3453 (53.23)   
Private 855 (13.54) 1158 (16.68) 1244 (17.28) 1352 (17.47) 1106 (16.33) 852 (12.34) 813 (12.21) 776 (11.44) 735 (11.71) 911 (14.04)   
Medicare 769 (12.18) 782 (11.26) 790 (10.97) 868 (11.21) 756 (11.16) 736 (10.66) 775 (11.63) 749 (11.04) 763 (12.15) 812 (12.52)   
Other 32 (0.51) 38 (0.55) 92 (1.28) 113 (1.46) 258 (3.81) 355 (5.14) 132 (1.98) 129 (1.9) 102 (1.62) 71 (1.09)   
Area of 
residence 
          
<.0001* 
Metropolitan 5394 (85.43) 5926 (85.36) 6193 (86.01) 6509 (84.08) 5640 (83.27) 5915 (85.66) 5585 (83.85) 5673 (83.61) 5237 (83.41) 5464 (84.23)   
Not metropolitan 499 (7.9) 520 (7.49) 503 (6.99) 613 (7.92) 617 (9.11) 564 (8.17) 611 (9.17) 700 (10.32) 646 (10.29) 652 (10.05)   
Other 421 (6.67) 496 (7.14) 504 (7) 619 (8) 516 (7.62) 426 (6.17) 465 (6.98) 412 (6.07) 396 (6.31) 371 (5.72)   
Sample size  68,087. *Values are statistically significant at p<0.05 
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Table 3. 3 Linear regression subgroup analyses of emergency visit rates for children and adults with non-traumatic dental conditions in Rhode 
Island between 2005 and 2014 
Year  
Rate per 10,000 individuals 
b-estimate p-value 
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Children  
Total (n) 688 649 742 781 668 575 571 588 528 523 -0.65062 0.027* 
Age, y 
          
    
≤4  23.12 23.09 24.12 25.1 18.66 21.11 25.13 24.43 23.04 18.23 -0.2443 0.4053 
5–9 20.64 18.57 16.81 23.28 16.79 18.83 20.01 21.56 16.2 19.13 -0.086 0.7513 
10–14 10.63 11.96 15.28 12.59 9.95 9.97 11.12 8.75 12.36 12.25 -0.1183 0.5883 
15–19 54.33 37.71 48.53 52.6 48.85 34.62 30.85 36.37 31.52 32.36 -2.3113 0.0114* 
Sex 
          
    
Male 25.37 20.15 23.49 28.46 22.99 22.83 21.35 22.99 21.38 19.7 -0.40224 0.1684 
Female 27.15 27.13 31.41 30.74 27.7 21.08 23.08 23.36 21.13 22.71 -0.91996 0.0155* 
Adults  
Total (n) 6314 6942 7200 7741 6773 6905 6661 6785 6279 6487 -0.9454 0.1452 
Age, y   
        
      
20–24 193.33 160.93 169.39 174.53 178.82 168.87 153.15 143.36 122.47 130.34 -6.3051 *0.0015 
25–29 169.29 236.34 225.35 246.44 223.78 235.07 218.67 207.57 192.1 187.2 -1.8749 0.5225 
30–34 141.78 157.94 167.56 195.51 165.11 173.69 167.96 191.85 170.69 172.74 2.5163 0.1448 
35–39 118.45 110.43 135.12 133.8 114.71 125.72 108.99 115.79 116.89 130.6 -0.0334 0.9769 
40–44 84.97 96.38 99.32 109.01 95.08 93.6 100.25 108.77 94.23 95.84 0.62 0.4648 
	42	
45–49 78.18 83.34 88.16 84.09 68.89 67.66 76.2 80.36 68.36 70.29 -1.4537 0.072 
50–54 41.96 48.26 51.17 64.36 52.91 58.11 52.45 51.37 50.29 57.02 0.7289 0.2997 
≥55 13.23 14.23 15.61 18.97 14.31 15.07 16.23 17.35 18.35 17.3 0.4039 *0.0447 
Sex   
        
      
Male 84.56 87.57 91.72 100.37 92.1 94.23 89.43 93.93 85.15 88.15 -0.0261 0.9639 
Female 80.46 88.81 92.76 97.9 81.71 82.72 80.49 79.16 73.62 75.09 -1.6601 *0.0399 
    *Values are statistically significant at p<0.05 
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Table 3. 4 Demographic characteristics of children (up to 19 years of age) making non-traumatic dental visits to emergency departments in 
Rhode Island between 2005 and 2014 
  
Year 
p-value 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) Freq. (%) 
Total 688 649 742 781 668 575 571 588 528 523   
Age, y   
 
  
 
  
 
  
 
  
 
<.0001* 
≤4  148 (21.51) 143 (22.03) 148 (19.95) 153 (19.59) 112 (16.77) 120 (20.87) 140 (24.52) 136 (23.13) 126 (23.86) 100 (19.12)   
5–9  130 (18.9) 117 (18.03) 112 (15.09) 137 (17.54) 99 (14.82) 115 (20) 122 (21.37) 120 (20.41) 92 (17.42) 109 (20.84)   
10–14 79 (11.48) 83 (12.79) 97 (13.07) 82 (10.5) 66 (9.88) 63 (10.96) 69 (12.08) 57 (9.69) 78 (14.77) 75 (14.34)   
15–19 331 (48.11) 306 (47.15) 385 (51.89) 409 (52.37) 391 (58.53) 277 (48.17) 240 (42.03) 275 (46.77) 232 (43.94) 239 (45.7)   
Sex   
 
  
 
  
 
  
 
  
 
0.0058* 
Male 341 (49.56) 280 (43.14) 323 (43.53) 378 (48.4) 309 (46.26) 304 (52.87) 279 (48.86) 296 (50.34) 272 (51.52) 249 (47.61)   
Female 347 (50.44) 369 (56.86) 419 (56.47) 403 (51.6) 359 (53.74) 271 (47.13) 292 (51.14) 292 (49.66) 256 (48.48) 274 (52.39)   
Race/Ethnicity   
 
  
 
  
 
  
 
  
 
0.0023 * 
White 383 (55.67) 353 (54.39) 411 (55.39) 429 (54.93) 390 (58.38) 287 (49.91) 286 (50.09) 285 (48.47) 245 (46.4) 269 (51.43) 
 Black 117 (17.01) 95 (14.64) 111 (14.96) 126 (16.13) 98 (14.67) 91 (15.83) 87 (15.24) 101 (17.18) 89 (16.86) 69 (13.19)   
Hispanic 138 (20.06) 152 (23.42) 168 (22.64) 173 (22.15) 144 (21.56) 159 (27.65) 152 (26.62) 167 (28.4) 159 (30.11) 143 (27.34)   
Other 50 (7.27) 49 (7.55) 52 (7.01) 53 (6.79) 36 (5.39) 38 (6.61) 46 (8.06) 35 (5.95) 35 (6.63) 42 (8.03)   
Payment method   
 
  
 
  
 
  
 
  
 
<.0001* 
Self-payment 124 (18.02) 92 (14.18) 150 (20.22) 161 (20.61) 144 (21.56) 120 (17.74) 93 (16.29) 104 (17.69) 95 (17.99) 56 (10.71)   
Medicaid 389 (56.54) 342 (52.7) 368 (49.6) 393 (50.32) 340 (50.9) 332 (57.74) 331 (57.97) 353 (60.03) 309 (58.52) 342 (65.39)   
	44	
Private 142 (20.64) 187 (28.81) 194 (26.15) 195 (24.97) 149 (22.31) 114 (19.83) 120 (21.02) 106 (18.03) 105 (19.89) 108 (20.65)   
Medicare 25 (3.63) 19 (2.93) 17 (2.29) 14 (1.79) 9 (1.35) 7 (1.22) 13 (2.28) 6 (1.02) 3 (0.57) 7 (1.34)   
Other 8 (1.16) 9 (1.39) 13 (1.75) 18 (2.3) 26 (3.89) 20 (3.48) 14 (2.45) 19 (3.23) 16 (3.03) 10 (1.91)   
Area of residence 
          
<.0001* 
Metropolitan 594 (86.34) 570 (87.83) 641 (86.39) 656 (83.99) 559 (83.68) 498 (86.61) 487 (85.29) 522 (88.78) 461 (87.31) 438 (83.75)   
Not metropolitan 56 (8.14) 44 (6.78) 49 (6.6) 70 (8.96) 50 (7.49) 37 (6.43) 47 (8.23) 38 (6.46) 37 (7.01) 46 (8.8)   
Other 38 (5.52) 35 (5.39) 52 (7.01) 55 (7.04) 59 (8.83) 40 (6.96) 37 (6.48) 28 (4.76) 30 (5.68) 39 (7.46)   
Sample size 6313. *Values are statistically significant at p<0.05
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Figure	3.1	Emergency	department	visit	rates	(per	10,000	individuals)	made	by	adults	(aged	20	years	or	older)	for	non-traumatic	dental	conditions,	ambulatory	care	sensitive	conditions,	and	trauma	between	2005	and	2014.	Abbreviation:	NTDV,	non-traumatic	dental	visits
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Figure 3.1 Emergency department visit rates (per 10,000 individuals) by adults for non-traumatic dental conditions, ambulatory care 
sensitive conditions, and trauma between 2005 and 2014 according to sex. (a) Visits made by women. (b) Visits made by men. 
Abbreviation: NTDV, non-traumatic dental visits 
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Figure 3.2 Emergency department visit rates (per 10,000 individuals) for non-traumatic dental conditions, ambulatory care sensitive 
conditions, and trauma between 2005 and 2014 by adults according to age groups that showed a statistically significant change. (a) 
Adults aged 20-24 years. (b) Adults aged 24-29 years. (c) Adults aged 55 years or older. Abbreviation: NTDV, non-traumatic dental 
visits 
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Figure 3.2 Emergency department visit rates (per 10,000 individuals) for non-traumatic dental conditions, asthma, and trauma by 
children aged younger than 20 years between 2005 and 2014. Abbreviation: NTDV, non-traumatic dental visits 
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Figure 3.3 Emergency department visit rates (per 10,000 individuals) for non-traumatic dental conditions, asthma, and trauma by 
children aged younger than 20 years between 2005 and 2014 by sex. (a) Visits made by boys. (b) Visits made by girls. Abbreviation: 
NTDV, non-traumatic dental visits  
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Figure 3.4 Emergency department visit rates (per 10,000 individuals) for non-traumatic dental conditions, asthma, and trauma by 
children aged younger than 20 years between 2005 and 2014 by age group. (a) Children aged ≤4 years. (b) Children aged 5–9 years. (c) 
Children aged 10–14 years. (d) Children aged 15–19 years. Abbreviation: NTDV, non-traumatic dental visits 
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CHAPTER FOUR 
Effect of the Affordable Care Act on non-traumatic dental visits by Medicaid 
enrollees to emergency departments: an interrupted time series analysis 
 
Abstract 
 
Objectives: Rhode Island has expanded its Medicaid program under the Affordable Care 
Act to include comprehensive adult dental coverage. In this study, we examined the 
effect of expansion of Medicaid coverage on the rate of non-traumatic dental visits 
(NTDV) to emergency departments (ED) in comparison with visit rates for other 
ambulatory care sensitive conditions (ACSC) such as asthma and back pain, using 
traumatic lower long bone fracture as a control. 
Methods: Rhode Island hospital discharge data and the monthly Medicaid enrollment 
report for the calendar years 2013 and 2014 were used in this study. Annual and monthly 
visit rates were calculated for 24 months of observation, and an interrupted time series 
analysis was used to examine the effect of expansion of Medicaid coverage for each of 
the outcomes (NTDV, ACSC, lower long bone fracture). Further subgroup analysis was 
conducted by age and sex. 
Results: The annual number of NTDV increased from 2484 visits in 2013 to 3795 visits 
in 2014 following expansion of Medicaid coverage. The NTDV rate increased by 
34.8/100,000 enrollees per month immediately and significantly after expansion 
(p=0.0023), amounting to more than 1000 additional ED visits. ED visits for asthma and 
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back pain declined immediately after the expansion of coverage, but not significantly so. 
There was a significant increase in NTDV among adults (43 visits/100,000 enrollees, 
p=0.018) per month. There was an immediate and significant increase in NTDV by men 
and women after expansion, but this was sustained only in men. The increase in NTDV 
prevalence rate after expansion of coverage was greatest among adults aged 27–33 years 
(102.6 per 100,000 Medicaid enrollees per month) and was statistically significant 
(p=0.0381). 
Conclusions: NTDV rates increased among adults after the expansion of Medicaid 
coverage, whereas rates for ACSC and trauma did not. This implies that extending 
coverage to dental care did not immediately translate into access to primary and non-
urgent dental care services, possibly because of a high pent-up demand and not enough 
dental care providers accepting Medicaid. 
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Introduction 
 
  Non-traumatic dental visits (NTDV) to hospital-based emergency departments (ED) are 
on the rise nationally (Allareddy et al. 2014; McCormick et al. 2013). Non-White 
individuals aged 18–44 years who are Medicaid-enrolled or uninsured are the largest 
group making these visits (Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008). 
  Adult Medicaid enrollees were reported to be almost five times as likely as are adults 
with private health insurance to have poor oral health, and among adults aged 18–64 
years, the main reason for refraining from a necessary dental visit for an oral health 
problem was cost; 42% could not afford out-of-pocket treatment (Bloom et al. 2012). 
Hence, adults might eventually seek treatment at hospital-based ED facilities that serve as 
a health care “safety net” by attending to the needs of those who cannot access dental 
care in routine dental offices. 
  In 2014, the Affordable Care Act (ACA) expanded Medicaid eligibility to adults with 
incomes up to 138% of federal poverty level (Singhal et al. 2017) and included new 
categories, including childless adults and extension of coverage to dependents up to 26 
years of age. Further, the program recognizes the integral role of oral health care services, 
and includes important provisions to increase oral health care coverage, access, 
workforce and infrastructure development, surveillance, and public education. One 
significant provision is the inclusion of pediatric dental coverage as part of the core 
package of health care services known as “Essential Health Benefits” (HHS 2014). 
However, for adults, the decision regarding expansion of coverage depends on the state; 
while most state Medicaid programs cover emergency dental procedures to relieve oral 
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pain and infection in low-income adults, only 28 states provide dental benefits to 
Medicaid-enrolled adults beyond medically necessary care in emergency circumstances 
(HHS 2014).  
  One of the central aims of the ACA is to improve access to care by removing financial 
barriers. As a result, from 2013 to 2014, the proportion of adults aged 18 years or older 
who reported that they went without dental care because of costs declined by at least two 
percentage points in 21 states. This is likely to be a result of expanded insurance coverage 
as well as improvements in the economy. The greatest improvement (four percentage 
points) was seen in Oregon and Rhode Island (Hayes et al. 2015). 
  Nationally, an estimated 9.5 million individuals gained Medicaid dental insurance as a 
result of state Medicaid expansions of coverage in 2014 and 2015. The effects of dental 
insurance on utilization and health outcomes among the Medicaid population are of 
interest to researchers and policy makers (Decker and Lipton 2015). One study reported 
that dental coverage was associated with an increase in the likelihood of a recent dental 
visit, with the size of the effect increasing with Medicaid payment rates to dentists 
(Decker and Lipton 2015). However, another study suggested that while the availability 
of Medicaid dental coverage for adults in a state was significantly associated with access 
to dental care among low-income adults, the gains made in states that had expanded 
coverage were concentrated among childless adults, while there was a decline in 
utilization by low-income parents (Singhal et al. 2017). 
  To our knowledge, no studies have measured utilization of ED for NTDV in relation to 
Medicaid expansion. 
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  Rhode Island has included comprehensive dental coverage under the ACA Medicaid 
expansion program. By providing comprehensive dental coverage, we can expect 
Medicaid enrollees to seek dental care in a more appropriate setting, like a dentist’s office 
(Nasseh and Vujicic 2013) and rely less on ED for dental care (Singhal et al. 2015), since 
previous studies have shown that eliminating Medicaid dental coverage leads to a 
significant increase in the use of ED for dental problems (Singhal et al. 2015). 
  To better understand the changes in ED NTDV by Medicaid enrollees after expansion of 
Medicaid, a comparison was made with other ambulatory care sensitive conditions 
(ACSC). ACSC are conditions for which good outpatient care and early intervention can 
prevent complications that lead to use of hospital-based services, including the ED. Many 
prevention quality indicators have been developed by the Agency for Healthcare 
Research to define ACSC, including non-traumatic dental conditions (NTDC). Previous 
studies have compared ED visits for dental conditions with other ACSC to examine the 
similarities and differences in epidemiological patterns between the two groups. One 
study found that the rate of increase in dental ED visits was greater for ACSC than for 
non-ACSC. It also reported that Medicaid enrollees, people who were uninsured, and 
young adults aged 19–33 years were more likely to make a dental ED visit than an ED 
visit for ACSC or non-ACSC (Okunseri et al. 2012). Further, a recent study (Singhal et 
al. 2015) examined the impact of elimination of California Medicaid comprehensive adult 
dental coverage on dental ED visits by Medicaid-enrolled adults in the period 2006–
2011. Using several comparator ACSC as control variables, they found that this policy 
change led to a significant and immediate increase in dental ED use, amounting to more 
than 1800 additional dental ED visits per year. However, none of the control outcome 
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variables, i.e., ED visit rates for asthma, diabetes, headache, abdominal pain, and back 
pain, had a significant change in intercept, which would have indicated an immediate 
change in ED visit rate following the policy change.  
   The aim of this study was to compare the impact of Medicaid expansion on ED visits 
for NTDC with that of ED visits for ACSC, such as asthma and back pain, in Rhode 
Island. In addition to comparison with ACSC, which we suspected to be affected by 
Medicaid expansion, we compared ED visits for traumatic lower long bone fracture as a 
control outcome, because we suspected that ED visits for trauma would not be affected 
by policy changes or insurance coverage. An interrupted time series (ITS) analysis was 
used to examine the impact of Medicaid expansion and estimate the causal impact of 
Medicaid expansion on the ED visit rate. 
 
Methods 
 
Data source 
Hospital-based ED visit data for the calendar years 2013 and 2014 were obtained from 
Rhode Island hospital discharge data. These data are part of the Hospital Data Program 
that collects and manages data on inpatient discharges, ED visits, and observations from 
the state's acute care hospitals to measure health status and outcomes, health care 
utilization, and access. Medicaid enrollment data on age, sex, and expansion and non-
expansion Medicaid enrollees by month for the same period were obtained from the 
Rhode Island Executive Office of Health & Human Services. 
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Study design 
This study utilized an ITS design, which is a specific type of time series that can be used 
to measure a treatment effect or the impact of an intervention. The goal is to demonstrate 
a clear relationship between an intervention and an outcome after ruling out other factors 
that might have had the same outcome in the absence of the intervention. An ITS is 
divided into at least two segments separated by an intervention. The first segment 
includes a series of pre-intervention observations that establish a baseline trend. The 
intervention occurs at a known time and is followed with a series of post-intervention 
observations from which the impact of the intervention can be determined.  
  In this study, we assessed the impact of Medicaid expansion as an intervention on the 
rate of ED visits. We collected 12 months of data prior to the intervention and 12 months 
of follow-up data after the intervention in order to detect the immediate impact of the 
intervention and account for seasonality. 
 The study protocol was approved by the institutional review boards at the Boston 
Medical Center and the Rhode Island Department of Health. 
 
Study population  
The study population comprised adults aged 20 years or older who were enrolled in 
Medicaid, visited the ED of one of 13 hospitals in Rhode Island at any time during the 
calendar years 2013 and 2014, had a primary diagnosis of NTDC, and were discharged 
without hospitalization. 
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Outcome variable 
The main outcome variable was the rate of ED visits with a primary diagnosis of non-
traumatic dental disease per month per 100,000 Medicaid enrollees. The main predictor 
was the implementation of Medicaid expansion under the ACA in Rhode Island, which 
has included comprehensive dental coverage for adults since January 2014 (the 13th 
month of the study). Other comparison outcomes were asthma and back pain, which were 
the conditions most comparable with dental conditions among the ASCS in our 
preliminary analysis. The control outcome variable was rate of ED visits with a primary 
diagnosis of traumatic lower long bone fracture per month per 100,000 Medicaid 
enrollees. Traumatic lower long bone fracture was used as a control because we 
anticipated that it would not be affected by the policy change. NTDC and other outcome 
conditions were identified using the primary diagnoses in the International Classification 
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Diseases of hard tissues 
of teeth (521), Gingival and periodontal diseases (522), Diseases of pulp and periapical 
tissues (523), Other diseases and conditions of the teeth and supporting structures (525), 
and Diseases of the oral soft tissues, excluding lesions specific for gingiva and tongue 
(528) were considered preventable NTDC so were included. In addition, Asthma (493) 
and Backache unspecified (7245) were included as ACSC and Lower limb long bone 
fracture was included as a control (821, 823). 
 
Statistical analysis 
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Segmented linear regression was used to examine whether the expansion of Medicaid 
coverage led to a change in the intercept or slope for the rate of ED visits for dental 
problems or the other outcome variables. An intercept change would indicate an 
immediate impact, while a slope change after the new policy took effect would indicate a 
gradual impact on the rate of ED visits. Segmented linear regression was also used to 
examine whether the policy had differential effects on various subgroups of adult 
Medicaid enrollees, such as age and sex. Models were tested for seasonality and 
autocorrelation. Seasonal trends (coded as dummy variables) and the presence of 
autocorrelation between monthly observations were examined using the Durbin-Watson 
test, and where the value of the test statistic was significant, the model was adjusted for 
autocorrelated responses using ‘proc autoreg’ in SAS to compute the model parameters. 
All statistical analyses were conducted using SAS version 9.3 software (SAS Institute 
Inc., Cary, NC). Statistical significance was set at p<0.05. 
  
 
Results 
 
During the study period of January 2013 to December 2014, the annual overall number of 
visits by Medicaid enrollees to ED for NTDC increased from 2484 visits in 2013, prior to 
Medicaid expansion, to 3795 visits during the calendar year following expansion (Table 
4.1). On average, there were 107.46 visits for NTDC per month per 100,000 Medicaid 
enrollees prior to Medicaid expansion and 125.69 visits per month per 100,000 Medicaid 
enrollees after Medicaid expansion. The number of visits for NTDC was greater than for 
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any of the other ACSC, including asthma and back pain, which showed slight decreases 
after Medicaid expansion (Table 4.2).  
 Medicaid expansion, which includes comprehensive dental coverage, started in Rhode 
Island on January 1, 2014, so was initially chosen as the predictor. However, on closer 
scrutiny of the monthly Medicaid expansion enrollment numbers, a significant increase 
was apparent in March 2014 (Table 4.3). Therefore, an analysis was conducted using 
both dates as predictors. The first model, using the January date as the predictor, 
indicated that there were an additional 18.66 ED NTDV per 100,000 Medicaid enrollees 
per month immediately after the expansion; this estimate was marginally significant 
(p=0.06). However, when the predictor was changing to March, a significant (p=0.0023) 
increase of 34.8 ED NTDV per 100,000 Medicaid enrollees per month was demonstrated. 
In contrast, medical ACSC, such as asthma and back pain, showed immediate decreases 
in January of -22.73 and -1.47, respectively, which were not statistically significant. The 
control outcome variable, traumatic lower long bone fracture, showed a slight change or 
no change in intercept and slope, which was not statistically significant (Table 4.4). A 
segmented linear regression plot of ED dental visit rates is shown in Figure 4.1. 
  A further analysis was conducted using the March intervention date as the predictor. 
There was an immediate statistically significant increase in ED visits for both genders 
after the intervention; male individuals made an estimated 42.32 more ED visits for 
NTDC per month per 100,000 enrollees (p=0.0205) with a positive change in slope. 
Female individuals made an estimated 27.25 more ED visits for NTDC per month per 
100,000 enrollees (p=0.0243); however, the change in slope was negative and statistically 
significant (-2.79, p=0.047), indicating that in addition to the change in intercept being 
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lower than in male individuals, the change in slope was not sustained. Other comparator 
outcomes are demonstrated in Table 4.5. Adults had an immediate significant increase in 
NTDV rate of 42.94 after the intervention (p=0.0175), while for ACSC, adults had slight 
increases in ED visits for both asthma and back pain (3.86 and 2.88, respectively), which 
were much less in magnitude than for NTDV and not statistically significant (p=0.759 
and p=0.8474, respectively). The change in intercept for the control variable (trauma) 
was not statistically significant in any of the subgroups. The results are shown in Table 
4.6.  
  No age group, except for the group aged 27–33 years, showed a statistically significant 
change in intercept or slope after Medicaid expansion. The group aged 27–33 years 
showed a statistically significant increase in NTDV rate after the intervention, with an 
estimated additional 102.6 ED NTDV per 100,000 Medicaid enrollees per month 
(p=0.0381). 
 
Discussion 
 
  Our results provide evidence of the immediate and significant effect of ACA expansion 
of Medicaid on the ED visit rate for NTDC in Rhode Island, where the expansion 
included comprehensive dental care for adults. However, the impact was in contrast to 
what we hypothesized, with an increase in utilization of ED for NTDC by Medicaid 
enrollees, instead of the expected decline, as soon as the policy change occurred in 
January 2014, and more when the number of enrollees significantly increased in March 
2014. Several previous studies have shown that elimination of dental benefits is 
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associated with an increase in the ED visit rate for NTDC (Cohen et al. 2002; Singhal et 
al. 2015; Wallace et al. 2011). To our knowledge, no previous study has examined the 
reverse situation and considered the timing and nature of the impact of providing 
comprehensive dental care for Medicaid enrollees using ITS analysis. We found that the 
rate of dental visits almost doubled when considering March as a predictor rather than 
January, while for ACSC such as asthma and back pain, there was an immediate albeit 
not statistically significant decline after Medicaid expansion. Further, there was no 
change in the control outcome, i.e., visit rates for trauma. This is similar to the earlier 
finding of no significant change in ACSC after elimination of Medicaid benefits (Singhal 
et al. 2015). 
  Our results suggest that dental coverage does not necessary mean better access. Instead, 
the increased demands of newly enrolled dental patients may put strain on the dentists 
who accept Medicaid, since the policy does not imply any changes in the workforce. 
Moreover, the dental safety net is already functioning at capacity (Bailit et al. 2006) and 
may not be able to accommodate the thousands of individuals who have gained dental 
coverage in Rhode Island. Previous studies found that dental coverage is associated with 
an increase in the likelihood of a recent dental visit, with the size of the effect increasing 
with Medicaid payment rates to dentists, and a reduction in the likelihood of dental caries 
(Decker and Lipton 2015). Further, a national study estimates that if a state provides 
dental coverage under Medicaid, the probability of its enrollees visiting a dentist in any 
given year increases by 16%–22%  (Choi 2011). However, newly enrolled individuals 
may have difficulty identifying providers who accept Medicaid (Decker and Lipton 
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2015), and new enrollees in the Medicaid expansion categories might behave differently 
from Medicaid non-expansion enrollees. 
 Our subgroup analysis revealed a significant immediate increase in ED NTDV by both 
genders after the intervention; however, male individuals had a greater increase in visit 
rates for NTDC and a more positive change in slope than female individuals, who had a 
negative and significant change in slope, indicating that in addition to the change in 
intercept being lower than in male individuals, the change in slope was not sustained. 
Again, in both groups, the changes in ED visits for ACSC and trauma were not 
significant. This was expected because the increase in number of Medicaid enrollees was 
greater in male individuals than in their female counterparts, and the increase in NTDC 
visit rate highlights the issue of access for new enrollees. We examined the different age 
groups to investigate if the policy change to include young adults and extended coverage 
for dependents up to the age of 20–26 years had a significant effect in any specific age 
group. No significant change in visit rates was found, except for one age group, i.e., 
young adults aged 27–33 years, that showed a significant increase in NTDV after the 
intervention. This is consistent with findings from a previous study demonstrating that 
Medicaid dental coverage for adults is necessary, but not sufficient in itself, to improve 
access to dental care among low-income non-elderly adults (Singhal et al. 2017). Further, 
new Medicaid enrollees do not need to pay a co-pay for visiting the ED, whereas they 
had to pay it out-of-pocket before their enrollment in Medicaid, and this might be another 
reason for the increase in NTDV. 
  To our knowledge, this study is the first to examine the early effect of Medicaid 
expansion on the rate of ED NTDV in a state that has implemented comprehensive dental 
	65	
care. Although the study period was limited, we were able to conduct an ITS analysis to 
measure the impact of the policy change on the visit rate. However, the study has some 
limitations because of unavailability of certain data, such as information on 
race/ethnicity. It would be interesting to examine the impact of the Medicaid expansion 
of coverage on ED NTDV in different races/ethnicities and identify if any disparities 
exist. Further, a future study focusing on the previous insurance coverage in the 
expansion population would be helpful for understanding the cause of the increase in visit 
rates. Future research should also include longer observation periods after Medicaid 
expansion. 
 
Conclusion 
 
 Our study provides evidence of the early impact of Medicaid expansion and 
implementation of comprehensive dental coverage for adults on ED visits for NTDC. We 
found an immediate significant increase in visit rates overall, as well as in certain 
subgroups, in particular male individuals and the age group 27–33 years. These increases 
were not apparent for other ACSC or trauma visit rates, which implies that unlike 
medical care, coverage for dental care does not necessarily mean access to dental care. 
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Table 4.1 Annual NTDV to emergency departments and Medicaid enrollment in 2013 
and 2014 
  
2013 2014 
NTDV Medicaid enrollees NTDV Medicaid enrollees 
Overall 2484 192,466 3795 264,008 
Gender 
    Male 912 80,418 1743 117,973 
Female 1572 112,048 2052 146,035 
Age group 
    Child 309 93,064 342 103,310 
Adult 2175 99,402 3453 160,698 
 
Abbreviation: NTDV, non-traumatic dental visits  
 
 
Table 4.2 Annual ED visit rates for different conditions. 
Primary diagnosis 
ED visit rate* 
2013 2014 
NTDC 107.46 125.69 
Asthma 80.07 79.01 
Backache 38.64 35.77 
Trauma (control) 4.02 4.04 
*Average monthly ED visit rate per 100,000 Medicaid enrollees. Abbreviations: ED, emergency department; NTDC, 
non-traumatic dental conditions 
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Table 4.3 Monthly Medicaid enrollee counts after Medicaid expansion. 
  
Month 
Medicaid enrollees 
Expansion  Total 
20
14
   
Jan 23,867 216,596 
Feb 30,898 226,807 
Mar 43,484 245,283 
Apr 46,851 250,647 
May 48,329 253,006 
Jun 49,991 254,631 
Jul 51,812 257,243 
Aug 53,047 259,957 
Sep 52,815 257,939 
Oct 54,518 259,901 
Nov 56,398 261,416 
Dec 59,511 264,008 
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Table 4.4 Segmented linear regression results for dental ED visits and ED visits for other control outcomes, using January 2014 and 
March 2014 as predictors. 
  Rate of ED visits per 100,000 Medicaid enrollees per month 
  Jan 2014 Mar 2014 
  NTDV Asthma Back pain Trauma NTDV Asthma Back pain Trauma 
R2 70.25% 72.66% 36.94% 13.28% 78.05% 66.84% 38.78% 9.75% 
Baseline 
intercept     
Estimate 118.05 82.21 40.94 4.55 117.37 97.31 42.54 3.85 
SE 9.22 11.28 6.65 1.62 6.84 10.73 5.66 1.43 
p-value <.0001* <.0001* <.0001* 0.0122* <.0001* <.0001* <.0001* 0.0153* 
Baseline slope      
Estimate -1.03 1.77 -0.72 -0.05 -0.75 0.02 -0.89 0.03 
SE 0.92 1.12 0.66 0.16 0.6 0.95 0.5 0.13 
p-value 0.2793 0.1347 0.2899 0.7825 0.2288 0.9855 0.0917 0.7973 
Change in 
intercept      
Estimate 18.66 -22.73 -1.47 1.43 34.8 0.22 4.65 0.08 
SE 9.63 11.78 6.95 1.69 9.69 15.2 8.02 2.02 
p-value 0.0695 0.0705 0.8352 0.4086 0.0023* 0.9884 0.5695 0.9697 
Change in 
slope      
Estimate 1.83 0.07 1.12 -0.13 -0.65 0.44 0.91 -0.14 
SE 1.1 1.35 0.79 0.19 1.15 1.8 0.95 0.24 
p-value 0.1148 0.9564 0.1756 0.4978 0.5764 0.8086 0.3493 0.5753 
*Values are statistically significant at p<0.05. **Estimates are adjusted for seasonal trends. Abbreviations: ED, emergency department; NTDV, non-traumatic dental visits; SE, 
standard error  
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Table 4.5 Segmented linear regression results for dental ED visits and ED visits for other control outcomes by gender.	
  Rate of ED visits per 100,000 Medicaid enrollees per month 
  Male individuals Female individuals 
  NTDV Asthma Back pain Trauma NTDV Asthma Back pain Trauma 
R2 72.71% 52.90% 27.72% 26.31% 62.97% 71.57% 41.82% 14.82% 
Baseline intercept     
Estimate 100.75 98.24 31.94 4.76 129.75 96.55 50.37 3.33 
SE 12.80 15.34 7.98 2.20 7.78 9.20 5.90 1.58 
p-value <.0001* <.0001* 0.0009* 0.0452* <.0001* <.0001* <.0001* 0.051* 
Baseline slope      
Estimate -1.27 0.56 -0.59 -0.06 -0.40 -0.36 -1.12 0.09 
SE 1.13 1.35 0.70 0.19 0.69 0.81 0.52 0.14 
p-value 0.2764 0.6861 0.4125 0.7678 0.5649 0.66 0.0464* 0.5188 
Change in intercept     
Estimate 46.32 -6.34 6.15 1.17 27.25 4.59 3.72 -0.82 
SE 18.13 21.73 11.30 3.12 11.03 13.03 8.36 2.24 
p-value 0.0205* 0.7741 0.5931 0.711 0.0243* 0.7286 0.6618 0.7191 
Change in slope      
Estimate 2.08 0.04 0.41 -0.19 -2.79 0.74 1.31 -0.08 
SE 2.14 2.57 1.34 0.37 1.30 1.54 0.99 0.27 
p-value 0.3459 0.9886 0.7625 0.6058 0.047* 0.6355 0.203 0.7807 
*Values are statistically significant at p<0.05. **Estimates are adjusted for seasonal trends. Abbreviations: ED, emergency department; NTDV, non-traumatic dental visits; SE, 
standard error 
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Table 4.6 Comparison of segmented linear regression results for dental ED visits and ED visits for other control outcomes in adults 
enrolled in Medicaid. 
  Rate of ED visits per 100,000 Medicaid enrollees per month 
  NTDV Asthma Back pain Trauma 
R2 58.05% 47.94% 49.88% 30.06% 
Baseline intercept   
Estimate 196.99 74.32 75.78 3.82 
SE 
11.53 8.76 
10.39 
1.23 
p-value <.0001* <.0001* <.0001* 0.0063* 
Baseline slope   
Estimate -1.65 -0.04 -2.06 0.00 
SE 
1.02 0.77 
0.92 
0.11 
p-value 0.1232 0.9546 0.0383* 0.9978 
Change in intercept   
Estimate 42.95 3.86 2.88 3.06 
SE 
16.33 12.41 
14.71 
1.74 
p-value 0.0175* 0.7592 0.8474 0.0958 
Change in slope    
Estimate -0.80 0.68 2.25 -0.50 
SE 
1.93 1.47 
1.74 0.21 
p-value 0.684 0.6496 0.2132 0.0261* 
*Values were statistically significant at p<0.05. **Estimates are adjusted for seasonal trends.  
Abbreviations: ED, emergency department; NTDV, non-traumatic dental visits; SE, standard error
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Figure 4.1 Segmented linear regression plot for dental ED visit rates using March 2014 
as the intervention.  
 
 
The plot includes parameter estimates adjusted for seasonal trends. Abbreviations: ED, emergency department; NTDV, 
non-traumatic dental visits; SE, standard error   
	74	
 
CHAPTER FIVE 
Influence of community-level factors on non-traumatic dental visit rates to 
emergency departments in Rhode Island 
 
Abstract 
 
Objective: To advance the understanding of community-level factors that might 
influence the rates of non-traumatic dental visits (NTDV) to hospital-based emergency 
departments (ED) in Rhode Island, such as community water fluoridation status, 
demographics of area of residence, dental health care providers, and dental health 
professional shortage areas (DHPSA) using residential zip codes for ED patients. 
Methods: ED visit data for the calendar year 2010 were obtained from Rhode Island 
hospital discharge data. The NTDV rate was calculated by dividing the number of NTDV 
by the population in each zip code area according to patients’ residential zip codes using 
2010 U.S. census data. The demographics for each zip code, including percentage of 
young adults, percentage of individuals of non-White race, educational attainment 
(percentage of high school graduates or above), percentage of individuals living below 
poverty level, and median household income were similarly obtained from the 2010 U.S. 
census data. Community water fluoridation status by zip code area was obtained from the 
Rhode Island Department of Health and other supplemental sources. Data regarding 
dental care providers and DHPSA in each zip code area were obtained from the Rhode 
Island Department of Health and the U.S. Department of Health and Human Services 
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Health Resources & Services Administration. Analysis of variance and the chi-square test 
were used in univariate and bivariate analyses to identify any statistical association of 
NTDV rates and community water fluoridation status with other independent variables. 
For the primary outcome of interest (NTDV rate per 10,000 individuals), a negative 
binomial regression model with log link was performed. The analysis was conducted at 
the zip code level (n=75). 
Results: ED NTDV rates were 1.35 times lower in fluoridated communities than in non-
fluoridated communities after controlling for confounders such as DPHSA status, 
metropolitan residence or not, percentage living below poverty level, percentage of high 
school graduates or above, percentage of non-Whites, percentage of young adults, and 
dental health care providers per 10,000 population. However, the association between 
community water fluoridation status and ED visit rates was not statistically significant 
(p=0.2397). Communities with a higher level of poverty and a younger population (more 
individuals aged 20–34 years) had significantly higher ED NTDV rates (relative risk 1.04 
[p=0.014] and relative risk 1.05 [p=0.031], respectively). The numbers of dental health 
care providers and DPHSA status were not significantly associated with ED visits.  
Conclusion: The results indicate that a high poverty level and a large young population 
are significantly associated with higher rates of ED NTDV. 
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Introduction 
 
    Preventable non-traumatic dental visits (NTDV) to hospital-based emergency 
departments (ED) are on the rise throughout the US (Allareddy et al. 2014; McCormick 
et al. 2013). The evidence suggests that the most significant barrier to accessing dental 
care in a regular dental setting is a financial one, especially among low-income adults 
(Thompson et al. 2014; Wall, Nasseh, Vujicic 2014). Individuals who cannot afford 
routine dental care in a clinic are likely to wait until an easily treatable dental condition 
has progressed to severe pain and infection before seeking treatment. The ED can provide 
temporary relief only, because ED facilities are generally not equipped or staffed to 
provide definitive dental treatment (Casamassimo et al. 2009; Davis, Deinard, Maiga 
2010; Pew F. 2012). This is of concern because of the preventable nature of dental 
conditions, the temporary palliative care provided, and the high costs associated with 
those visits. This has led researchers in many states to explore the complex multifactorial 
basis for this increase and identify the patients contributing to this pattern.  
 National and state-level studies have found that Medicaid enrollees and self-pay 
individuals represent the majority of patients visiting ED for non-traumatic dental 
conditions (NTDC), and that this is explained by limited insurance coverage for dental 
conditions when compared with medical conditions, as well as the limited number of 
dentists accepting Medicaid. Racial disparities were also found repeatedly, with non-
Whites over-represented in comparison with Whites visiting ED for NTDC. Individuals 
aged 18–44 years were found to account for the majority of patients making these visits 
(Anderson et al. 2011; DeLia et al. 2015; Okunseri et al. 2008).  
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Many low-income adults rely on safety net clinics for their dental care, with 3.1 million 
people receiving dental services through a community health center in 2008 (Shirk 2010). 
A major barrier that makes access to dental care an enormous challenge for low-income 
populations is low dentist participation with Medicaid (Shirk 2010). Even in states where 
Medicaid programs offer expanded dental coverage, patients may have difficulty locating 
dentists who accept Medicaid. Rates of dentists who accept Medicaid have been reported 
to be as low as 11% in Missouri, 15% in Florida, and 20% in New York. Faced with 
pressure to cut costs, some states have lowered Medicaid reimbursement rates for dental 
services, which reduces the incentive for dentists to participate in the program (Fingar et 
al. 2015). 
  In addition to financial barriers, community-level factors may also contribute to ED 
NTDV. A limited number of studies have examined the contribution of community-level 
factors, such as area of residence, on the rate of ED NTDV. Using nationally 
representative data, one study (Walker et al. 2014) examined differences in dental care 
utilization in ED among adults of working age and found that rural patients (non-
metropolitan) were significantly more likely than urban (metropolitan) patients to have 
dental visits to ED. Another study (Okunseri et al. 2011) found that living in an area with 
a shortage of dental health care professionals did not affect the likelihood of being a 
frequent ED user for dental care. Further studies are needed to understand the effect of 
the patient’s area of residence and number of dentists in that area on NTDC visits to ED.  
  Community water fluoridation (CWF) has been proven to be an effective community-
level measure for prevention of dental disease (Centers for Disease Control and 
Prevention 2011). One study that examined the geographic variation in Medicaid claims 
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for dental procedures in New York City found that the mean number of restorative, 
endodontic, and extraction procedures per recipient was 33.4% higher in less fluoridated 
counties when compared with predominantly fluoridated counties (Kumar, Adekugbe, 
Melnik 2010). The mean number of claims per child for caries-related services was 
inversely correlated with the extent of fluoridation in a county, but claims for non-caries-
related services were not. However, to our knowledge, no previous studies have 
compared the NTDV rate in populations residing in fluoridated areas with that in 
populations residing in non-fluoridated areas. 
 Rhode Island has a stable fluoridation status. As of 2010, its CWF program covered 
827,000 individuals, representing 79% of the total population (Roberts and Beckwith 
2011). Similar to other states, ED NTDV is a challenge for the Rhode Island health care 
system. One study in Rhode Island found that the top 20 primary diagnoses for Medicaid-
enrolled and uninsured adults treated in ED included two dental diagnoses. These patients 
accounted for 70% of the total dental-related visits to ED. Further, regardless of payer 
type (Medicaid, self-pay, or private insurance), younger adults age 21–34 years were the 
most frequent users of the ED for oral/dental problems (Oh and Leonard 2012). 
  The aim of this study was to investigate community-level factors that might influence 
ED NTDV rates in Rhode Island, including CWF status, demographics in area of 
residence, number of dentists in the area, and dental shortage areas using residential zip 
code. 
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Methods 
 
Rate of non-traumatic dental visits to ED 
For our dependent variable, the NTDV rate per 10,000 individuals, we obtained ED visit 
data for the calendar year 2010 from Rhode Island hospital discharge data. These data are 
part of the Hospital Data Program that collects and manages data on inpatient discharges, 
ED visits, and observations from the state's acute care hospitals to measure health status 
and outcomes, health care utilization, and access. Patients of any age who visited the ED 
at any one of 13 Rhode Island hospitals at any time during the calendar year 2010 with a 
primary diagnosis of NTDC were included. NTDC was identified using the primary 
diagnoses in the International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM). Diseases of hard tissues of teeth (521), Gingival and 
periodontal diseases (522), Diseases of pulp and periapical tissues (523), Other diseases 
and conditions of the teeth and supporting structures (525), and Diseases of the oral soft 
tissues excluding lesions specific for gingiva and tongue (528) were considered 
preventable NTDC and included.  
 Patients’ residential zip codes were also obtained from the same data set, and the NTDV 
rate for each zip code was calculated using the 2010 U.S. Census Bureau population at 
the zip code level, since zip code was our unit of analysis. 
 
Water fluoridation status by zip code 
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Our main independent variable was CWF status, which was categorized as fluoridated 
(the reference), mixed fluoridation, and non-fluoridated. We determined fluoridation 
coverage for each zip code area using multiple sources. The Rhode Island Department of 
Health provided us with a list of all fluoridated public water systems in Rhode Island and 
how they sell their water to other systems as well as what municipalities they serve, so 
we considered all zip code areas in those municipalities to be fluoridated. We also used 
“My Water's Fluoride”, the water system information provided by the Centers for Disease 
Control and Prevention. which allows consumers to learn about the fluoride level in their 
drinking water. However, it was difficult to determine the fluoridation status for all zip 
code areas because some municipalities receive water from multiple water sources. Some 
of these water sources are fluoridated and others are not, so these zip code areas were 
considered mixed fluoridated. 
 
Demographic information 
To examine other independent variables, we obtained demographic information from 
2010 U.S. census data at the zip code level and calculated the percentage of young adults 
(aged 20–34 years) in each zip code area, since this age group accounts for the majority 
of ED NTDV in Rhode Island. We calculated the percentage of individuals of non-White 
race in each zip code area by subtracting the White component of the total population in 
that zip code area. We also obtained information on educational attainment (percentage 
of high school graduates or above), percentage of individuals living below poverty level, 
and the median household income from American Community Survey 5-year estimates 
for 2010–2014.  
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 Zip code areas were determined to be metropolitan or non-metropolitan according to 
information held by the Rhode Island Office of Primary Care and Rural Health, which 
has designated 16 municipalities, and therefore their zip codes, as non-metropolitan areas.  
 
Dental providers and DHPSA status 
Other independent variables include the dental provider to population ratio and DHPSA 
status. Information on currently licensed Rhode Island dentists was obtained from the 
State of Rhode Island Department of Health website as of September 2016. First, the 
number of dentists was calculated by zip code, and then the rate per 10,000 individuals 
was calculated using number of dentists and population by zip code. 
 Zip code areas considered to be dental care health professional shortage areas (DHPSA) 
as of September 2016 were obtained from the U.S. Department of Health and Human 
Services Health Resources & Services Administration. 
 
Statistical analysis 
Analysis of variance and the chi-square test were used in univariate and bivariate 
analyses to identify any statistical association of NTDV rates and CWF status with other 
independent variables. The collinearity of the independent variables and interaction terms 
were tested. For the primary outcome of interest (NTDV rate per 10,000 individuals), a 
negative binomial regression model with log link was performed; this was preferred over 
the Poisson model because of overdispersion in the count data. The analysis was 
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performed at the zip code level (n=75). A p-value of <0.05 was considered to be 
statistically significant. All analyses were performed using SAS version 9.3 software 
(SAS Institute Inc., Cary, NC).  
 The study protocol was approved by the institutional review boards at the Boston 
Medical Center and the Rhode Island Department of Health. 
 
 
Results 
 
 In 2010, there were 7479 ED NTDV in 11 Rhode Island hospitals. We excluded 446 
visits by patients who resided out of Rhode Island and 18 visits by patients with a 
residential zip code that had no data in the census, leaving 6995 ED NTDV by patients 
living in 75 zip code areas in Rhode Island for analysis. There were 31 fluoridated zip 
code areas, 26 non-fluoridated zip code areas, and 18 zip code areas with mixed or 
unknown fluoridation status. Descriptive statistics for the study variables at the visit level 
(n=6995) and zip code level (n=75) are shown in Table 5.1 in the Appendix.  
 The unadjusted ED NTDV rate was 84 visits per 10,000 individuals for fluoridated 
communities, 32 visits per 10,000 individuals for mixed-fluoridation communities, and 
47 visits per 10,000 individuals for non-fluoridated communities. The results of bivariate 
analysis of all independent variables by visit rate are shown in Table 5.1. All predictors 
showed a significant difference in NTDV rates between communities. Metropolitan areas 
had a significantly higher mean visit rate than non-metropolitan areas (59.6±45, 
p=0.0024), and DHPSA had a significantly higher mean visit rate than non-DHPSA 
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(103.3±48.9, p=0.0005). Continuous variables were categorized by tertiles. Communities 
in the highest tertile for proportion of young adults (17.8% and higher) had a significantly 
higher mean NTDV rate (82.2±45.5, p <0.0001). Similarly, communities in the highest 
tertile for proportion of non-White population (8% or higher) had a significantly higher 
mean NTDV rate (77.4±50, p<0.0001) and communities in the highest tertile for poverty 
(11.1% or higher) had a significantly higher mean NTDV rate (76.6± 1.2, p <0.0001). 
Communities in the highest tertile for percentage of the population that completed a 
minimum of high school (93.1% or higher) had a significantly lower mean NTDV rate 
(23.8±25.5, p <0.0001). 
 Figure 5.1–5.3 shows GIS mapping of NTDV rates in each community by fluoridation 
status, metropolitan status, and DHPSA status by zip code area. 
  Table 5.2 presents the bivariate analysis for each independent variable by the main 
predictor variable, community fluoridation status; except for one variable, all independent 
variables showed a statistically significant association with fluoridation status. The 
exception was number of dental providers per 10,000 individuals, which was not 
significantly associated with fluoridation status (p=0.2427). A correlation matrix did not 
find any strong correlation between the independent variables; however, a possible 
correlation was found between percentage of the population living below poverty level in 
a zip code area and median income (-0.73), education (0.74), and percentage of non-
White population (0.86). Therefore, we removed median income from the model since 
both the percentage of the population living below poverty level and median income are 
measuring economic status. In addition to the correlation matrix, the percentage of the 
population living below poverty level had the highest variance inflation factor (6.36), 
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followed by education and percentage of non-White population. This was considered for 
the final model selection. None of the interaction terms of interest were statistically 
significant.  
  Table 5.2 in the Appendix shows the beta estimates from the crude and adjusted 
regression models for ED NTDV by fluoridation status, DPHSA status, area of residence 
(metropolitan or not), percentages of population living below poverty level, graduates 
from high school and above, non-White population, and young adults, and dental 
providers per 10,000 individuals. The crude relative risk for ED NTDV was lower in non-
fluoridated communities than in fluoridated communities; however, after adjusting for all 
covariates, we found that the ED NTDV rate was 1.25 times greater in non-fluoridated 
communities when compared with fluoridated communities (95% confidence interval 
0.80–1.95); however, the increase was not statistically significant (p=0.3288). The ED 
NTDV rate was 0.63 times lower in mixed-fluoridation communities when compared 
with fluoridated communities (95% confidence interval 0.39–1.01); the difference was 
marginally statistically significant (p=0.0553). The adjusted ED NTDV rate was 0.93 
times lower for every percent increase in educational attainment, and this finding was 
statistically significant (p<.0001). Further, the adjusted ED NTDV rate was 1.05 times 
greater for every percent increase in proportion of young population (aged 20–34 years), 
and this result was also statistically significant (p=0.0063).  
 Finally, to compare the reduced model (Table 5.3) with the fully adjusted model (Table 
5.2 in the Appendix), we chose percentage of the population living below poverty level as 
a predictor of the socioeconomic level of the community rather than educational 
attainment or the percentage of non-White population. The reduced model was based on 
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substantive theory. According to the final model, the ED NTDV rate was 1.35 times 
greater in non-fluoridated than fluoridated zip code areas (95% confidence interval 0.82–
2.21) but the difference was not statistically significant (p=0.2397).  
 
Discussion 
 
 
  The results of this study provide evidence that Rhode Island metropolitan communities 
and DHPSA-designated communities have higher NTDV rates. Certain socioeconomic 
demographic factors, including a higher poverty level, a higher percentage of young 
adults in the community, and lower educational attainment, were also associated with 
higher ED NTDV rates. These findings are consistent with other reports showing that 
young adults and those resident in metropolitan areas have greater odds of presenting to 
ED for treatment of NTDC (Darling, Singhal, Kanellis 2016). However, they are in 
contrast with the finding in a national study of significantly higher ED NTDV rates in 
rural patients than in urban patients (Walker et al. 2014). Our results are also at variance 
with a report (Fingar et al. 2015) of an association between a higher density of dental 
providers and lower rates of ED dental visits by patients with Medicaid in rural counties 
but not in urban counties.  
  Our unadjusted results for the effect of CWF status on the ED NTDV rate in a 
community were contrary to our hypothesis, so we analyze fluoridation status further and 
found that all DHPSA were located in fluoridated communities, which also had the 
highest poverty levels and contained the highest percentages of young adults and 
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individuals with lowest educational attainment. Taken in combination, these factors 
might have underestimated the effect of CWF on the NTDV rate. When adjusting for 
these factors, the results shifted in support of our hypothesis, and the ED NTDV rate was 
1.35 greater in non-fluoridated communities when compared with fluoridated 
communities. However, the results were not statistically significant. This study was the 
first to examine the effect of CWF on NTDV rate. Another study compared fluoridated 
counties with non-fluoridated counties in the state of New York and found fewer claims 
per recipient for procedures related to caries in predominantly fluoridated counties when 
compared with less fluoridated counties, while none of the other dental procedures 
performed were correlated with the fluoridation status of the county (Kumar, Adekugbe, 
Melnik 2010).  
  The main strength of this study is that it was the first to investigate the effect of CWF 
status on ED NTDV rates. Although this effect might be influenced by many factors, 
given that fluoridation is the first line of prevention and an ED visit is an extreme 
outcome, which might greatly underestimate the effect, a weak association is a reasonable 
outcome. Further, the comparison was undertaken on a zip code level, which is more 
specific than towns or counties. However, the study has some limitations. For example, 
variations in water consumption by individuals in each community and changes in area of 
residence that might alter fluoridation status could not be ascertained. However, Rhode 
Island is generally a minimally transient community and its fluoridation status is stable, 
so such changes are expected to be random rather than systematic. Other limitations were 
our relatively small sample size, related to the fact that Rhode Island is a small state, and 
our inability to determine the fluoridation status of all communities. 
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  Our results provide evidence that targeted interventions in areas with the highest poverty 
levels and areas containing high young adult populations might help to reduce NTDV 
rates. Future studies should examine other community-level factors, including 
distribution of dentists and the travel distances to dental, ED, and community health 
services. 
 
Conclusion 
 
 This study provides evidence of an effect of local demographic characteristics on ED 
NTDV rates. We found that a high poverty level and a high young adult population in an 
area had the highest effect on the ED NTDV rate, so interventions may be best targeted to 
these populations. 
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Table 5.1 Bivariate analysis of non-traumatic dental visit rate (per 10,000) to emergency 
departments in Rhode Island by all predictor variables in 2010 (75 zip codes). 
 
Variables 
 Zip code 
areas (n) 
Mean NTDV rate 
(SD)  p-value 
CWF status     0.0009 
Non-fluoridated 26 40.6 (33.5)   
Mixed fluoridation 18 23.3 (17.6)   
Fluoridated 31 67.1 (50.7)   
Metropolitan     0.0024 
No  31 30 (32.1)   
Yes 44 59.6 (45)   
DHPSA     0.0005 
No 69 42.5 (38.6)   
Yes 6 103.3 (48.9)   
Percentage of young adults      <0.0001 
Low (<14.3) 24 17.5 (15.2)   
Middle (14.3–17.7) 25 39.9 (30.5)   
High (≥17.8) 26 82.2 (45.5)   
Percentage of non-Whites      <0.0001 
Low (<3.8) 24 20.7 (20.1)   
Middle (3.8–7.9) 26 43.2 (31.3)   
High (≥ 8) 25 77.4 (50)   
Percentage living below poverty level     <0.0001 
Low (<5.8) 24 26.8 (22.2)   
Middle (5.8–11) 25 36.8 (30.1)   
High (≥11.1) 26 76.6 (51.2)   
Percentage high school graduates or higher      <0.0001 
Low (<87.6) 23 86.5 (48.3)   
Middle (87.6–93.0) 26 36.4 (23.2)   
High (≥93.1) 26 23.8 (25.5)   
Dental providers per 10,000 individuals     0.0388 
Low (<0.9%) 24 30.5 (33.7)   
Middle (0.9%–6.1%) 26 60.6 (51.3)   
High (≥6.2%) 25 49.9 (35.6)   
Abbreviations: CWF, community water fluoridation; DHPSA,	dental health professional shortage areas; NTDV, non-
traumatic dental visits; SD, standard deviation 
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Table 5.2 Characteristics and distribution of non-traumatic dental visit rates to emergency departments in Rhode Island by fluoridation status in 
2010 (75 zip codes) 
 
Characteristic  Non-fluoridated Mixed  Fluoridated Total p-value 
Community zip codes, n 26 18 31 75 N/A 
Population  286,561 154,108 611,553 1,052,222 N/A 
Non-traumatic dental visits to ED (n) 1,336 499 5,154 6,989 N/A 
      
NTDV rate per 10,000 individuals, mean (SD) 40.6 (33.5) 23.3 (17.6) 67.1 (50.6)   0.0009 
Percentage of young adults, mean (SD) 16.3 (5.8) 15.3 (3) 20.5 (8.7)   0.0163 
Percentage of non-Whites, mean (SD) 5.6 (2.9) 6.5 (6) 18.8 (19.2)   0.0003 
Percentage living below poverty level, mean (SD) 7.6 (4.8) 7.0 (4.5) 14.5 (10.1)   0.0006 
Percentage of high school graduates or higher, 
mean (SD) 92.8 (5.1) 90.2 (4.9) 85.5 (11.5)   0.0057 
Median household income, mean (SD) 77,745$ (16719.9) 74,382$ (26459.7) 57,946$ (20676.1)   0.0015 
Dental providers per 10,000 individuals, mean 
(SD) 4 (4.9) 3.3 (3.6) 8.1 (16.1)   0.2427 
Metropolitan communities, n (%) 11 (42.31) 8 (44.44) 25 (80.65)   0.0051 
DHPSA, n (%) 0 0 6 (19.35)   0.0065 
Abbreviations: DHPSA,	dental health professional shortage areas; ED, emergency department; NTDV, non-traumatic dental visits; SD, standard deviation 
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Figure 5.1 Geographic information system zip code mapping of non-traumatic dental 
visits to emergency departments by fluoridation status, 2010. 
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Figure 5.2 Geographic information system zip code mapping of non-traumatic dental 
visits to emergency department by metropolitan status and dental health professional 
shortage areas, 2010. 
 
  
	94	
Figure 5.3 Geographic information system zip code mapping of non-traumatic dental 
visits to emergency departments by fluoridation status, metropolitan status, and town 
boundaries, 2010. 
 
	95	
Table 5.3 Negative binomial final regression model for non-traumatic dental visits to emergency departments in Rhode Island, 2010. 
 
Variable Adjusted RR SE 95% CI p-value 
Intercept 16.78 0.5188 6.07 46.37 <.0001 
Community water 
fluoridation 
    
  
Non-fluoridated 1.35 0.2534 0.82 2.21 0.2397 
Mixed fluoridation  0.76 0.265 0.45 1.27 0.2902 
Fluoridated Ref Ref Ref Ref Ref 
Metropolitan 
    
  
No  Ref Ref Ref Ref Ref 
Yes  0.92 0.2264 0.59 1.44 0.7195 
DHPSA 
    
  
No  Ref Ref Ref Ref Ref 
Yes  0.66 0.3664 0.32 1.36 0.2636 
% living below poverty level 1.04 0.0158 1.01 1.07 0.0139 
% of young adults  1.05 0.021 1.00 1.09 0.0309 
Abbreviations: CI, confidence interval; DHPSA,	dental health professional shortage areas; RR, relative risk; SE, standard error 
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APPENDIX 
Appendix Table 5.1 Characteristics of the study sample and descriptive results for non-traumatic 
dental visits in Rhode Island, 2010. 
Variables Zip codes (n=75) ED visits (n=6995) 
Categorical  Frequency (%) Frequency (%) 
Community water fluoridation     
Non-fluoridated 26 (34.67) 1339 (19.14) 
Mixed fluoridation 18 (24) 502 (7.18) 
Fluoridated 31 (41.33) 5154 (73.68) 
Metropolitan     
No  31 (41.33) 606 (8.66) 
Yes 44 (58.67) 6389 (91.34) 
DHPSA     
No 69 (92) 4984 (71.25) 
Yes 6 (8) 2011 (28.75) 
 Continuous Mean ± SD Median Mean ± SD Median 
Percentage of young adults  17.8 ± 7 15.7 22.4 ± 6 21.8 
Percentage of non-White s 11.3 ± 14.2 5.7 28.8 ± 20.8 22.3 
Percentage living below poverty level 10.3 ± 8.1 8.2 20.1 ± 9.8 20.1 
Percentage of high school graduates or 
higher  89.1 ± 8.8 90.1 79.2 ± 11 78 
Dental providers per 10,000 individuals 5.5 ± 11 3.7 5.5 ± 4 5.7 
     
Abbreviations: DHPSA, dental health professional shortage areas; ED, emergency department; SD, standard deviation 
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Appendix Table 5.2 Crude and adjusted estimates for non-traumatic dental visit rates to emergency department by predictor variables. 
 
  Crude  Adjusted 
Parameter RR SE  95% CI p-value RR SE  95% CI p-value 
Intercept   
   
  20839.38 1.87 530.28 819049.66 <.0001 
Community water fluoridation   
   
    
   
  
Non-fluoridated 0.34 0.02 0.33 0.36 <.0001 1.25 0.23 0.80 1.95 0.3288 
Mixed fluoridation  0.25 0.03 0.23 0.26 <.0002 0.63 0.25 0.39 1.01 0.0553 
Fluoridated Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref 
DHPSA   
   
    
   
  
Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref 
No 0.66 0.01 0.64 0.67 <.0001 0.77 0.33 0.60 1.35 0.4183 
Metropolitan   
   
    
   
  
Yes Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref 
No 0.56 0.02 0.54 0.59 <.0001 0.90 0.21 0.40 1.46 0.6174 
Percentage living below poverty level 1.05 0.00 1.05 1.05 <.0001 0.99 
0.02 
0.95 1.04 
0.7736 
Percentage high school graduates or 
higher  0.96 0.00 0.96 0.96 <.0001 0.93 
0.02 
0.89 0.96 
<.0001 
Percentage of non-Whites 1.02 0.00 1.02 1.02 <.0001 0.99 
0.01 
0.96 1.01 
0.3474 
Percentage of young adults  1.06 0.00 1.06 1.06 <.0001 1.05 
0.02 
1.02 1.10 
0.0063 
Dental providers per 10,000 
individuals 0.98 0.00 0.97 0.98 <.0001 1.01 
0.01 
0.99 1.03 
0.4685 
Abbreviations: DHPSA, dental health professional shortage areas; CI, confidence interval; RR, relative risk; SE, standard error 
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